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ABSTRACT 


Conventional methods of rapeseed oil extraction; 
expeller processing, prepress solvent extraction, and sol- 
vent extraction, although efficient in extracting the oil, 
are causing damage to meal protein. In addition, the last 
two processes are prone to a constant danger of explosion 
and fire hazard. Canada has become the world's largest 
exporter of rapeseed. It is now known that rapeseed pro- 
tein is one of the most balanced vegetable proteins, com- 
parable to or even better than soybean. However, its 
utilization even for animal feeds is limited due mainly to 
the presence of toxic substances. The purpose of the 
aqueous rapeseed oil extraction is hopefully to overcome 
these problems. 

The general objective of this study was to examine 
the feasibility of aqueous extraction of rapeseed oil with 
particular emphasis on the yield and the quality of the 
oil extracted. The rapeseed was ground, boiled and reground 
to a fine slurry which was then blended and stirred. The 
slurry was centrifuged into solid, liquid and oil fractions. 
The oil fraction was partly in the form of an emulsion and 
partly in the form of free oil. The emulsion was recentri- 
fuged, frozen and thawed to obtain the free oil. The 


solid residue was dried to a constant weight and analysed. 
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The yield of oil was determined from the amount of residual 
oil in the dried meal. 

Fine grinding was essential to get a maximum oil 
yield. Boiling for 5 min was necessary to inactivate the 
myrosinase and hence to lower the sulfur levels in oil. 
Blending for 15 min was needed to break down the cells 
further and increase oil yield. The optimum stirring con- 
ditions were: temperature, 70 + 2 C; solid-to-water ratio, 
Copel 315, Di 6 0) 0 and Stirring time; oh. 

By these laboratory batch conditions more than 90% 
of rapeseed oil could be extracted. Compared with indus- 
trial crude oil, the aqueous extracted crude oil contained 
lower amounts of sulfur (4-6 ppm), phospholipids 
(0.03-0.05%), free fatty acids (0.2%) and peroxide value 
(1.1 to 1.4 mequiv/kg of oil). The meals from the aqueous 
process contained about the same amounts of protein, fiber, 
and ash as soxhlet extracted meals. However, the aqueous 
extracted meals contained 4 to 7% residual oil under a single 
extraction cycle. However, multiple aqueous extraction 
that should reduce the amount of the residual oil in the 
meal was not employed. The protein in the meal was less 
soluble in water and salt solution, but was more Paine in 
alkaline solution and aqueous ethanol. The minimum solu- 
bility of the Weorea a was at pH 5.0. The amino acid 


analyses did not show any significant effect of processing 
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on the quality of protein. During the aqueous extraction 
process, 58 to 79% of glucosinolates was removed from the 
meal. This process also yielded a whey containing ca. 

0.5% true proteins of which ca. 65% could be precipitated 


by adjusting to pH 4-4.5 and heating at 85°C for 10 min. 


vi 


. 1 y } le 
ol j 7 A 7 


“4 beanies abOwDe ete entsde -inbosona te ei 
| ‘ett mex Feyoner’ aw aaaiitankeooute +o eer. 2 88 
=) sae iia es vais ‘beskety eth densomy ) 
Betas aeiks ey, eek dain ete «80 debate is nates 
«rian or not D 28 ae hase fors 2; heb fe pa” yet 


ACKNOWLEDGEMENTS 


I wish to thank Dr. P. Jelen for his supervision 
and guidance during the course of this study. I would also 
like to thank the academic staff of the Department of Food 
Science, especially Dr. H. Jackson and Dr. F. Wolfe for 
their support and encouragement. 

Sincere appreciation is expressed to all non- 
academic staff of the Department of Food Science for their 
cooperation throughout the study. I wish to thank Mr. L. 
Steele for correcting the manuscript. 

EL wish tomehank Drie-Zo. Pun Kondra and his, staff from 
the Department of Plant Science for the analysis of gluco- 
Sinolates. I also thank Mr. J. Ferguson, chief chemist from 
Canbra Food Co. for supplying the material. I wish also 
to thank my wife, Malihah, for typing the first draft. 

Financial support from the University of Alberta 
in the form of Graduate Teaching Assistantships and from 
Malaysian Government for the Federal Scholarship were 
appreciated. This study was also supported by the Alberta 


Agricultural Research Trust. 


vii 


SS indiedieraiomire: iat 307 digest 3t 30 siete ce tiv a ‘ 
Oehs ak sows Tt ebde ands 23 saaivcs ‘orks rotesbeclaae! 

Cm Deon Yo guest tea ane tc these ‘obhipacn cit ane a say 
. 1192 Mion .3 .2 bee soadssh ie. 3d - yileitooaee Be 
ad -tryemapes cone bev sr0gghie 

anon its oF fonasrqxs et nt bimigosigge Sup pmbe | | 

zens 362 mnigeoe ‘boot to Sitghtane 30 sii to T2eee a | 

‘el e Aes of ‘ect t «<ybuge  aeict jsocaceinbeeae me | 
AGiaUat, bes bickenassoo 20% | 

nowt ste att he: werb roy ugh” 9 2d notte “od Mako ld ry 
-cmu Re 2 Breklens ‘nd a S11 tse sqalt to sctpatd th 
teat tabrie- teido sroanyiet i: , wv waste, eais g ‘ 
oeis dutw I tainaden’ uy Bit a 6 — bine: 
Ria, Heke Es baht wt sist ims | abe yen 3 

ay ‘BEtedis 49 yehetewint ‘eats wou? dsoaque fnrononit 
ve not See catrlasamire 2808 prtabost soshaad % nah 


ae i exe ioeaecetemeadl aus aut Ingle 


a. 


TABLE 


REVIEW OF LITERATURE 


x 


OF CONTENTS 


Aqueous Extraction of Vegetable Oils ...... 


2 Introduction oeeeeoeessetee @ eeoeeecgeesesgesee3stsdcvee? 832 
2m eta Ute GA etal OTIS i. vile e's 6 ¢ 3 6,00 s/s sya nie tien oe 
a) Grinding eeeee eeeeeee?se eeeoeoeeeee3s#esee#eeree 
by -GEMBEaCt POM Sees. Sas 82 Steere: PR 2 

c) Solid-ligquid Separation and 
Centrrerugacion * see .ssss o3 HESS SASS es 
ay Denulsorricacrone. wc t's ..¢ fer peatetera ss sate 
LpebLevated Temperature << %.\<ic% << e's 
ii) LOw Temperature eeeeeeerkeseesegeesFesese 
Lay Shears, FOrCe” oss ess «c's ees Bre eis tevete 
iV) #eencerrugatron ' stesso 523 ing ate ee 
v) Hydrogen Ion Concentration .... 

vi) Other Methods of Demulsi- 

PLCACHOI™. os sc ee ss eels ere wares oe 
e) Drying eeeee#eesvsgeeekeeseke§eteeeeeeeekeesxerteees# tee e 

3. Factors Affecting the Yield of 
Extraction eeeseseee8ec8scsceseseeeeeeegeeeo0eoec8seeeeecscesdeke ks 86 @ 
a) Solid-to-water Ratio ..... Heeuont ees 
b)) Yemperacure- and Time ss... . 21... rene 
CiaaDE. OF BXEGACELOD. oss» sot <i d time «so 
d) Additives @eeeeeeekecéececsese#ee*eeseersree#s#keteeee 
GymeExEractivye. CYCTS 2 ).i5 <\c'e'e oe iis sisters a eis 
4. Yield and Quality of the Extracted Oils 
Rapeseed eeeeseeeesdvseeeestes# eo osoeeeee#s5£etete @ eoeeoestseeeesvs:se? 
4% Introduction eoaeeeesscsdvc8eceeskvkreeeeseseseoeeereenescsteee 
Vig Oil Extraction eeoeeeesseseess2sceesktedesest @ @ e9ecsckee 8 @ 


a) Expeller Pressing ....ccceceeececces 
b) Prepress Solvent Extraction ........ 
c) Direct Solvent Extraction .cccccssces 


a fares i 


Page 


| Lids cides nwheimasenaede mcrae dl ote 
eyere mito pidedepey 20 DrkIOSSIRE,, reamadel A 
Silt bh S00 celta ieins Weiner e 4ie- addtosho tak yh a 
PPE) Orr tre a ancitnisqo 3 Bay Aa 


Oe ere 2 ee ee ee ee eatin ; 
ee eanvenw ee dew wh © oe be ee @e Aagrayfa (@ 
ae dX baa nolsaxragnr’® bot abil te 


Nate ails ted ONS Wie wd Ed a +SDUT E 
Pore’ nee ee Soke es Se pooner ge (hb 


bye ek ee ew) QRUIRISG sevenkip. (d 

Oe e eee eee wea a ie Saket - (42° 
7 al peas Nl calc ane *“s5ioF weaée dtp 
alien's Kas Che > > hs ea nee 
erie sobs nts hearse ‘re ie 
i if +k heme cata sina ? 


; el Nnje nie saa s 0 eek oN 8)s ede eepw ne eis 
6s SYA PSs so Sarees ee 
woo , 
i os . a ee - 
; 4 Fi BS. Ey tee 48 wh oy eee ee 


oy es i ee eee 


ag (Lemp ees ri ae ase 


7S Mg teak ep ente NI hi soisoobors at 
ig 


ge 


a sokios23 ee iz ms.) 
is re; . - 


Page 


a) Rapeseeds @arl Crate. OL VR. is <cici poccdchoncrctboveccse 36 
arisaveuricontent of. Sueur. .weadueiwss 37 


4. Effect of Processing on Quality 


of RapesecdttMeal: of. Parcxtce. NEAHAe: dec 4l 

5. RAapESeediMead. «< ae0:ee:ciesisrcre Sekstcickceen rer ctebers 47 

Gi) SSOP OMe WC SUNG Sate. oi on vi wich oh 0s ox aie Lialavetededenede 47 

Hl Aheloh ec fis Gare Siuinatig-o¥a cared onsketeretenetete cs 47 

Wipee LUCE. LDECY Cee cas ee oo eoebeneretionie ss 53 

Bigcah) clin hens ke eee Ree mee ai etal chalet ee reneysrorerexs 54 

TVA LoOnyara COS... sacc eute SR Oy ew 55 

v) Ash Minerals and Vitamins ..... 56 

dete eC ONS Cal CLIGT Cia esc. as) 66 ea) ols, 57 

by Bieleguica a Vaewien. se. SAAS. oo es 59 

c) Functional Properties and Uses 

inner oodsectauas. 8. Madd. Probes. \ Ree Ey 61 

a) Toxterty: of Rapeseed (Mead: encis a. «; -.0:010 63 

6) Gihicoesinolates 02. AMA; £2. SINS RR AES 65 

£) Detoxification of Rapeseed Meal .... 73 
i) Heat Treatments and Reactions 

with Salts and Other Compounds. 73 

ii) Extraction of Glucosinolates .. 75 


Lia) Biological Detoxification and 
Removal of Glucosinolates by 
Plant Breeding ..i. <2 as sisi eee 78 


C. Statement of Objectives and Definition 


One per PLE LING cies nie ole letois Brols cael alels tn tetetehcretenersie = 79 

TT. MATERIALS AND METHODS. <6 isc ois. 0 0:0 6 0 0 66.0 sre scis,6 0.0 82 
lL. MAteCrial’s %. 0 MARA ihe: fae Helo onciercicie en elshokals sWekeh oat eye 82 
2. Aqueous Extraction Procedure ....cscce eens 84 
EUG sd a, Toh etc ok Views Vowel te alobeie cies ee kcastetete ace ters 84 

ECG INI, otercre els, sinte) olatwieicy sasiel sie’ s\el sie aie.s ctetczele e 84 
Smet 11S OMEN Cars she sic sie stele 6s steleleloreteueysieleis 2 86 

Gj) Rearinding, and Blending 2226 « <jon0 «0» 87 

6) Stirring and Centrifugation -~. 2.0.6. <i... 87 

fy) PDEMULSALTLCALLON 5.4. < 5:6 acetelene elelers steiale Stlots 88 

g) The YrRelLa SoH SOO ES OO OR OKSOO DO SOHO OOO G6O5o00 64 88 


ix 


di doiaheks wales Ph asbteniaari aie vonestat es 
i ny ie - ee eee ee ee ee dtfeite> Briain 
a et Si | 


‘hee | ed yap tit oye no cables “ sogtes oh 
AD a isawt vein inrs ehh So, See Sees we 


‘DS Lebdh dendwh tom one Saya tae) RSM eM? aR 


y Tre a ke Pe ‘ 

v; DP ere ae Oe eae ae TAeoOst Cf, ae 
LE gS eee Wie die pice stew « Soe Do, ean TBs J 
he Dani abet oa aetna ta POG ue CECA _ 
hod ‘bw e a0. 6s plies dasa ee SOoe tiaeeee CE a 
ee penn an inn) FV has ate eset 224 fesk .9 
ue Seer sidsueisenod, tadth tev ae 


ee Johewap ded fed snGe <aiMy tena Cd 
a |  Beee bas ast bela one ianeistonn slo 
53 | ttn Seats rae he aie ahs hy ete BRO ..¢ om 
ta . @ aah . hs ye ae Ente ys ae 20 ; 
ee! i Pana k ; fee nae e a ied khan 
HR eel ate Saeuge! - =o, artdgosd wea $2 

ea dsolsobs1 Lith. eee Bex? rion ie \ | 
EX”... <eBRUSeHOS “sey BAe petec. rte i ) 


q ate: eles; 7 
shih 1 Leryied ie ab | 
BK ‘sere. 9a eins see “iiore 
Uo geo? weenie — eavermtno YS sien Aah 

et ee eee ee Dnt act > | 


$e 


4 : ao ; ; es es 4 o 

nce ot / ; ni : rer ; : 

; Pay se whieh anes aM 5) donna GHA 7 —— 
ie 2 we 


a ae cha. mk | Rah elaksodaM 
| <i eae ay isa gopInssdes nae: 


ek 
rs omens * Ce Pret eee 
<4) me w nie ‘ 


as ea a aly Wee boing Ra's Aamo ys 


- a 


a ‘ ctorsde “+ pe m on Sovie 
; ad are ey ae 7 Pl i 

ae Van sila s)i mos J3 Snir 
; sabes fase se dee 
a esit eh, spans 


tii 


Analyses of Crude Oils 


a) 
b) 
Cc) 
d) 
e) 


ft) 


Determination 
Determination 
Determination 
Determination 
Determination 


Determination 


of 
‘ont 


Volatile Matter 


Analyses of Meal 


Determination 
Determination 
Determination 
Determination 


The Determination of Solubility 


Siret ur 
Phospholipids 


@eeeoeoseoeeeee?kt? dt %®eee 


ese eesee2esesFtse¢e?s 


Free Fatty Acids .. 
Peroxide Values ... 


Unsaponifiable 
Miciist eo leMretcisvaters 6. else « «: 6 010° 6) 076) oF s 


Moisture and 


eoaeese ooeoeeecscese#eeseesese#eweseseeeee 


of 
of 
OL 
of 


Nitrogen 
Crude Fiber 
Total Ash 
Oil Content 


Characteristics Of Meal Proteins ... 
The extraction of Meal Protein in 
Relation to pH and Temperature ..... 


Determination of Amino Acids 


eooeeees 


Determination of Isothiocyanates 


and Oxozolidinethione 
Determination of Total Lipid in 


tiie AemeCus EracctlOn os cicw ses ce cece ¢ 


RESULTS AND DISCUSSION 


ue 


Zi 


Brel iminamy eStuGI ES sc. °s.c1 <leteneds 


eee oeeeesveeenemedovoeesvxeeeeees 


Optimization of Process Parameters .... 


ay The *BEFéct of #Blending * shes fresh s s Se 
De Inemehrecernor pSti Pring: 2’. ais vicreteceiers oie 


a)The Bffect of Solid-to-water 
Ratio (s/w) 


144) 
eT 1) 
iv) 


The Effect of Time 
The Effect of Temperature 
The BSfect Of ipH aa. Mand .22+c ee 


eeeeeegekes eee e eoe0es2se?ctkee: 


c) The Effect of Centrifugation ....... 


102 


104 
104 
105 


106 
108 


109 
LES 
116 
118 
a2 


Pu - ia 
fe : ; i y Lee 
. x ~ , ay 
ry eapet 
Bis) 26 dere penee crea BELO ir sD” to apes . “< 
7 ‘ee etesewtas ens svator Dc notin ime oe ( - 


| OR) Sudune Gistiznee: to dost scirtissad a 
ei? $¢ <<, BBteA yess Sent Zo gostei invested ty 
’ £e@ «2 BONERY SbitGxe1 to KOmeainsssae - 
| eldsiiinegsen) to notesnimiad ay, \ 
ze ey ey ae ee 8 
bas stateiot to nd isyerimtedeo’ (2 
ke aie be oats ale savee=tes ds Tetra elbreiov 
be Lave Piwndignewbisececs 2AM TO: SGaeRR 2 
| | : Pere 
Be ciberivdge Heporten Rey eoktertneter -(s 
ae av bes S829 ofulsS Yo .nerescimisssa id 
ae iicaswese BOA In4OD to wolpeniomedten 
te senvowe sy SBM, SLO. 36; ROS oe. tines ee Uh 
| * wth hee hoe 2p is eter: eines ie hed (ws | 
ve. Tr eniesor4 Tus So enktediovoapea 


| nt gsecos® feos Ao kesphedsee” si? (% 
ge orn + (REST Satis Bie Qo ‘ ANSE 


se ees ab pA ae Set 30. "he er ads 14 ‘ Ms (i 
i des : 2esvstaAvoulidbal *o noisenimketed: (4 ( 
OE acm heer eens ss SOL LO) LORGED ane 


ae ey as bigs Intakt Yo ha wezec li \\ 
ay fot ie Lahm ht | bts ies aki « eemened grit ’ 

= pe soasaiooan dae ade waupaine ta dia, ama 
i ‘i #05 achat lactate abe Lhe Lg avibue? craters t 
| $00 9 son Ghetommingd esnexd 40 sake ie ie 
) Me 1 : 4 
- rise got coe ee ae « paibaate 2 JoeR 30. ett (5 eS 
ik Ser ic: Soi Soetie otf (a (| 


| ted ewod-biloe Yo toettz aot (5 
aol oeeee wRete RASH eee (ais) SETou . 
; . nied a sete eeene oe : 7 


Ae 

7 + 
cen : 

wy r> Te ¥ 

© if 

i; 


itd yi 


SeReSULEeSeorwOn LeAnalyses >) eu. 132 


a)cureursGontent 2. ii ees Se Ses aos 133 


i) Sulfur Content of the Aqueous 
Pee rocreed« Crude (Ol LS. netecrectescls 133 
id ja The, hi iect. of1 Dry..Aweatbing . +... 137 


ld Wee Rew PEC t.Of- DH jive « suoteredercicre,s 139 
Diese nOSonoy Mond. Content gten.. » se 6 2 creas 142 
Gjy bree weaity. Acid Content... aietete 145 
OVP CCLOVTOCUVaALUC 6. Sy tees wicks ateleienete cists % 149 
e) Unsaponifiable Matter ..... Nae, Maton SD 
£) Moisture and Volatiles Content ..... 154 


4, fresults, of, Meal, Analyses, sie oo cc ccecs 156 


ae Op COxvi mate: CompOSd. BLOM ace «o's ol ett titer siete 157 
b) Solubility Characteristics of 
M@aid ¢BBORC By echanercus: store wsMiiin 6a cele votes eeve 161 


c) Extractability of Meal Protein in 
Relation to pH and Temperature ..... 165 
d) Amino,- Acid Composition of Original 
Rapeseed Sample, Soxhlet and Aqueous 
Extracted Meals and Liquid Fraction 
(B. Sannestris Ll mivainy ECHO) «<4... 168 
e) Glucosinolate Content ..... Or eiete\siniei ers 171 


S aeehCOteign wn.the. DLOULG.FVACGION: .. 2... 174 


ObSe Materi aie Ba Llanceens .2)..2% RMSE albu okeletele« 176 


IOV A CONCLUSIONS eeeeeseseesesesecscs§eee#ee#eeseee#eesesees#sFse#ers#e#er#ees*eeees8ese @&@ ®@ ee 180 
io DPrOCeSSErarlamelLers) ins. p:s.8.6 ssuanele bere leveletels 180 


2. The Yield of Aqueous Rapeseed Oil 
Bsr 3 Cite) Ob Wis aede se eeica (eke siedovetolere ce Fh aa oP py’ 183 


Beene, Quality Of the O1l andeMeals. ©... <. 185 
4. The Liquid Fraction (Whey) ..........- 4 186 


5. The Importance of Aqueous Rapeseed 
Oya a to ce C1 Ol) cc ss co fe ete © sieieislss 2's sie sce @ 188 


Vg REFERENCES eesevreveevevereeree0ee2e782 8280282820287 8080780872070°9°9 8% 190 


xi 


OG) Ree igs vie ee oe eovielaan $io-2¢ alba ey 


Aes Lape ec eieme Ne ee snadid3. x0 (8 le a 4 | 


ian ” 7 belie 3 ae 6 asda ertultt2 4 aie 
Cy BRE sta Me ces RLcO ob aD: Raton as | 
1 #E fone BABA WA SO) toeeod sig (in 
re ee eee eo Bg Ro J59% ae arp exe; 


SHE Sal gin. Whig A wenesriod bits todqeoHa {cd 
aL Pe ik vinely Sane "Saaerah HIDE Wes Seat. AD 
ent eeerr Tey Tt OR ey et ee Pet bhi torte (6 
OE |); iw tle opine Ve mtade OS ee ees 90% fp deand tS 
Bel os} ss SOMO esl Te sIGV bas sx seine > 


sat Pee sale eal Cae . eal uedee sic 20 ee od 


i) ee eee ss ahead. Pas ae Kora Ve 


ae 70), eres Sales | 79 te a 
" Let Aine Pe are. a 


oi 


“BTL. a9 a8 oes "Hog pares we ahetous a 


: ath: sesede cates aeteatage ‘epasise re a 


a a, 7 ’ ] 
j _ > | 
: ¢ Ve a 


- * : | | p Y 


GOR tiie ok, atte Vranas 
rf 


i aie aL 4 i. 
/* ie Hey atienis | AOE “one * ts 
a oe hl  cclhaed vwttoup air, e. “i A 


- ‘ 


bes ate t nye passe dine Sip pn) EOL 0e xIe A. Ee 
h ; ‘ine ; | : a a ari : 
‘ 7 7 “> is ae. os J 7 =) iv ' 
, ive a al CN 
~ pnaburis od ta AP ae Set. 
a : ; "or 7% - 7 


Le 


LG. 


LIST OF TABLES 


Description 


Aqueous Extraction of Vegetable Oils 


The Reported Optimum Solid-to-water 
Ratios in Aqueous Oil Extraction 


The Recommended Temperature For 
Aqueous Oil Extraction 


The Recommended pH of Aqueous Oil 
Extraction 


The Glucosinolate Contents in Seed 
Meal of Rave and Turnip Rape Grown 
in Various Localities in Europe 

The Time to Reach Various Speeds 
With the Final Speed Control Set at 
9,000 rpm 

Sulfur Content of the Oils 


The BEfect OL pH During Stirring on 
Sulfur Content of the Oil 


Phospholipid Content of the Oils 
Free Fatty Acid Content of the Oils 
Peroxide Value of the Oils 
Unsaponifiable Matter in the Oils 


Moisture and Volatiles Content of 
the Oils 


Proximate Meal Analysis 


Solubility Characteristics of Protein 


in the Meal as Determined by the 
Osborne Series of Four Solvents 


Amino Acid Composition of Four 


Samples From B. campestris L. var. 


Echo (g Amino Acid/l6ég Meal N). 


Xil 


Page 


PAL 


22 


25 


71 


126 


134 


141 
143 
146 
150 
i53 


LSS 
158 


162 


169 


Maem 


ais 


S& 


It 


a 


fe a 
~ + at 
} 7 
EMTELN AO Peis 
a ‘ Vane A ihe 
| | '\" ae: 
ve ‘ 
norsgitorad iy (\: ite F 


seadide mith Py b: 


SLL0 eidetspav: Yo as RAILS eugenps. ' 


lige iret yoO back igi ott 


nholigswdes £20 epodens rf atae 


(5 eR: otis Bits 
£iO Bynerok to ao 


Seon. ol accadnoD ata lodieqorl od 


neo xe oh pa, 


ere Se 


as ~~ a 
6] hut 


a a te vi 


Salas hgh s agenesis arte 
dnlsoee ey won syosnypk 


bgt dictions sat 
AGTIOBITIARA 


ea? 
There ban east to 


iNook 2a amt 


4G Vic Oo ‘basge leet l ede do kv 


= 


mys NOIR) 


“e120 Sis ee Yreeno *ttoe © 


me | NG 
ban baat ic a he ‘Ae “Phiskgied e208 


alike’ opts 
pit’ ents ae 


AP a OZAY oat 


$6 Pastacd niqaiodqrods 
seated Alok teat sox8 


Bho eis’ Xo, epiew esiixozed 


alge Pret mb ssdiien, sical Nmogea aa 
A é sane site aia Sue sitdeteMm 


ahd ofp 


Isott © 
aQocy sy mt eeisivgaed toot cb 


ait 


ope | 


as 
"on 
' . 
aay 
.@ 
oe 
a 
n 
a 


# che 


Table 


LW fe 


JR 


UST 


Description 


Glucosinolate Content of the Meals 


Precipitation of Protein From the 
Liquid Fraction 


Material Balance of the Aqueous 
Processing of Rapeseed 


Cie i 


Page 


Ly2 


LS 


178 


oN > 
is sh, “ ni ; 


-(eibeM bs 36 “anedden ston tonal 


eid) aio nidoae aE ab bias 
| es Wee eae ad | 
a ae 7 * an 


‘pubeuph ads, Dc 5 potstng | 
Beensges Jo ‘Bile 


LIST OF FIGURES 


Figure Page 


l. Reaction Mechanism of Myrosinase on 
Glucosinolates 69 


2. General Flow Diagram of the Aqueous 
Rapeseed Oil Extraction 85 


3. Standard Curve for Determination of 
Phosphorus 91 


4. Effect of Blending Time Upon the 
Bxtraction of O1b and the :-Amount of 
Free Oil 107 


5. Effect of Solid-to-water Ratio During 
Stirring on the Amount of Oil 
Extracted eG 


6. Effect of Solid-to-water Ratio During 
Stirring on the Amount of Free Oil Lb2 


fe ehErectsor Stirring Time Upon =the 
Extraction of Oil and the Amount of 
Free Oil 114 


8. Effect of Temperature of Rapeseed 
Slurry During Stirring Upon the 
Extraction of O11 117 


9. Effect of pH of the Rapeseed Slurry 
During, stirring on the Extraction ‘of 
Oil and the Amount of Free Oil 119 


10%. MEtiect.of Centrifugation-onm the 
Extraction of Oil (Using a Servall 
Superspeed Centrifuge) L233 


11. The Rate of Change of Acceleration 
with Various Final Speed Settings 
(Servall Superspeed Centrifuge) 125 


12. Effect of Come-up Time on the Extrac- 


tion of Oil (Using a Beckman Model 
J-21 Centrifuge) 129 


xiv 


re 


TOL 


Fil 


ae) 7 Ay 
, \ ie 
PRUETT WO, Tet if 
m0 vednindeoxpt) to Digiesin: et, « i 


ye 


BuoshpR ait IO matcaid woke fame 
HO Lg SBS, LEOu hseea 


bls) nqidsn inssisa fo as ihe sab eee 
gir i: ane Sah’ 


ake 
ma nay 


, ‘ 

exit cee ( pnbanetg 20 3H 

io Joo odd, Sas 150 30 ACHrae 
| nEO 


pr CoG Oiast aS AwaogebaloR IO Jf 
mio ‘to Seatrdush sis 6 tea 
oe ha 


9 


hen a if ey ae 


ss 6 aig eet t~H eer bed! ied 


sift noall iia bine aes ho ioe 


+e Tai ade ei LLG iO a 


a 50) oSusdssseimeT to 3: 


odd or PARTE PALUG yw 
re iN to sabi, $3 


a ete 
IousomA she 


sealed ia to snee 
yee preset) tin. ugh 1 
(opp t-rnS9 D 


Figure 


ee 


14. 


eo: 


Effect of pH of Rapeseed Slurry During 
Boiling on the Sulfur Content of the 
Oil 


Extractability of Meal Protein in 
Relation to pH and Temperature 


Recommended Parameters for the Aqueous 
Rapeseed Oil Extraction 


XV 


Page 


140 


166 


181 


SHO" 


) a Ne Sih « 


pirat vain Sronsaer ito | ey ; 


“SH, 20° TKBIROo Be ieee 


ae dikes. ay amt To a 
eoagsategmar { Bas 


oa: (eset siax 898 
ADLI OSS a a ‘ J 


: 


kT 


“$20 


ivi 


= 


> 


% 


Fe 


a 
ha 


I. REVIEW OF LITERATURE 


A. Aqueous Extraction of Vegetable Oils 
Lee LIne EOCUCLION 


Conventional extraction technology, which employs 
either hydraulic press, screw press (expeller), solvent 
extraction, or prepress solvent extraction, is primilarly 
directed towards the production of edible oil. Asa 
result little attention is given to the quality of the 
protein residue. In recent years, however, heightened 
awareness of the importance of proteins in human nutrition 
has provided motivation for possible changes in existing 
Oil extraction processes and practices. These changes fall 
into two broad categories with the first arising from the 
fact that the quality requirements for food-grade products 
are different from those for feed-grade. This is basically 
a matter of sanitation and concern for the presence of end 
by-products, such as fiber and other indigestible matter. 
The second category is concerned with more fully exploit- 
ing the potential nutritive value of 011 seed proteins. 

Of importance here is the avoiding of damage to the pro- 
teins and the inactivation or removal of the antinutritional 
factors present in some oil seeds which can reduce the 
nutritive value of the protein or can be toxic to humans 


(Cater etsal., 1974). 
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Although a number of earlier studies have been re= 
ported on aqueous extraction of oil from oleaginous mat- 
erials @.g. Van Deurs, 1928; Hocker, 1930; Ludecke, 1938; 
Nyrop, 1938; and Robledano and Luzuriaga, 1948), it was 
Only in the last two decades that the importance of ex- 
tracting a good quality protein from the oil seed by the 
aqueous method has been realized (e.g. Sugarman, 1956; 

Bnec Ctuals) 19728 and £973; Hagenmaier et alwj, 1972 and 
1973; Cater et al., 1974; Hagenmaier, 1974 and Mieth et al., 
1975a,b). This aqueous extraction method has been used to 
extract oils from many vegetable materials (Table 1). Two 
PEeocesses, CFTRIE (Bhatia et jabwy, 1966)! and (CHAYEN@(Chayen, 
1960), have been utilized for commercial production, and 
even these are of limited use today (Cater et al., 1974). 
This could very well be due to a lower recovery of the oil 
by these aqueous processes when compared with conventional 
methods, since oil yield is important from the point of 
view of the economics of the total process. 

Some advantages of aqueous extraction over conven- 
tional solvent extraction are: less initial capital invest- 
ment, safer operation due to the fact that no flammable 
solvent is being used, less operational danger and no air 
pollution from solvent losses. Furthermore, simultaneous 
separation of oil and protein during the aqueous extraction 


process results in fewer steps being needed for protein 
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Table 1. Aqueous Extraction of Vegetable Oil 


Oleaginous Material 


Reference 


Cocoa bean 
Palm fruit 


Olive 


Soybean 


Peanut 


Sunflower seed 


Coconut 


Oleaginous material 
in general 


Hocker (1930) 
Couche (1967) 


Couche (1967), Vallee (1971), 
Montedoro and Petruccioli (1973) 


Sugarman (1956) 


Sugarman (1956), Dangoumau (1958), 
Subrahmanyan et ale) (1959), 
Bepenwor. dl. 19Gb) 7 Reece. Gt ali. 
(1972a and 1973a,b, and c), Cater 
etuela, {19 740 


Spinove and Gekker (1968), 
Haganmaier (1974), Mieth et al. 
(1975a) 


Beckman (1930), Moore (1948), 
Robledano and Luzuriaga (1948), 
Bhati (1963), Bousser and Bermier 
(1969), Pedro and Carlos (1969), 
Puertollano et al. (1970), 
Hagenmaier et al. (1972 and 1973), 
Cater. et al... (19174) 


Van Deurs (1928), Hocker (1930), 
Ludecke (1938), Chayen and Ash- 
worth (1953), Kao (1956), Sugarman 
(1956), Georgia Technical Research 
Institute (1960) 
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isolate production. Another advantage of aqueous processing 
is the possibility of utilizing certain chemicals to remove 
or inactivate undesirable substances (Rhee et al., 1973a; and 
Cater et al., 1974). For example, hydrogen peroxide and 
sodium hypochlorite are effective for the destruction of 

a lacOxinstint peanut “(Rhee et cals; 1972b)- 

The disadvantages of aqueous extraction include; 
lower efficiency of oil extraction and recovery, with the 
process yielding only about 95% as much oil as conventional 
methods; the necessity of demulsification to recover the 
oil if an emulsion should be formed; and an increased 
potential for microbial contamination resulting from wetting 
of the materials during processing. Also, the resulting 
higher oil content of the meal may cause off-flavor and 


hence storage stability problems (Cater et al., 1974). 


2208 Unite Operations 


Removal of oil and protein from oil seeds can be 
achieved by aqueous extraction of comminuted seed followed 
by centrifugal separation of the slurry into,oim. and/on an 
oil emulsion, and solid and aqueous phases (Cater et al., 
1974). This process consists of grinding, solid-liquid 
separation, centrifugation, demulsification and drying of 
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a) Grinding 

Grinding is the first critical step in aqueous 
extraction of oil and protein from oil bearing materials. 
The seed cells must be ruptured to release their contents 
and to increase the efficiency of extraction (Cater deti al., 
1974). tIrsufficient grinding results in losses of oil in 
the residue. This was observed during the aqueous extraction 
Of peanut )(Subrahmanyan et al-,) 1959; Rhee etval.,wl972a), 
sunflower (Hagenmaier, 1974; Mieth et al., 1975a) and 
ecconuGt(Puertollano tet) alajelo7 0; Hagenmaier et al., 1972 
and 1973; Dendy and Timmins, 1974). Also, there is an 
accumulation of fat containing cell particles in the emul- 
sion«during ‘centrifugation (Mieth et al.,~1975a)).. Exces- 
sive grinding can produce finer oil globules which are dif- 
ficult to demulsify (Hagenmaier et al., 1972; Cater et al., 
1974; Mieth et al., 1975a). In addition, there would be 
more nonprotein compounds such as polysaccharides and lipids 
in ‘the: protein isolates (Mieth et al., 1975a). These com=- 
pounds lower the quality of the isolate by reducing the pro- 
tein content and solubility, and storage stability. Within 
certain limits Rhee et al. (1972a) observed that the degree 
of grinding of peanut has little effect on protein extraction. 

Grinding can be done either wet or dry, depending 
mainly upon the initial moisture content, and the chemical 


composition and physical structure of the oil seeds. 
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Coconut, with an initial moisture content near 50%, is 
ground wet to avoid a costly drying step (Cater etral<, 
1974). Wet grinding is generally considered superior to 
dry grinding in rupturing cells, because the moisture 
softens the cell walls (Subrahmanyan et al., 1959, and 
Cater et al., 1974). However, wet grinding of peanut pro- 
Sices 4 more stable emulsion (Rhee et al-, 1973a; Cater 
et al., 1974). Since peanut and sunflower have low mois- 
ture contents they are best ground dry (Rhee etal.) 19) 2a; 
Carerverc al., 1974; and Hagenmaier, 1974). The amount of 
protein recovered as a concentrate after dry grinding is 
Nigher than that after wet grinding (Rhee et’ al., 1973a). 
By wet grinding more protein remains in the whey. 

The method of grinding has marked effect on the 
subsequent recovery of free oil. When grinding was done 
vigorously in a Waring Blendor in the presence of aqueous 
media prior to extraction, a very stable emulsion, rather 
than a free oil, was obtained. However, when an Urschel mill 
was used, there was a maximum recovery of free oil (Rhee 
et vale; 19724) 

During grinding of coconut, variation of the water 
to coconut ratio from 1:1 to 20:1, temperature from 30-85°C, 
and pH from 5.8 to 7.0 did not prove to have any signifi- 
cant effect on the overall yields of oil and protein (Dendy 


and Timmins, 1973). However, alkaline grinding conditions 
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could result in some saponification of the oil. Sison 
et al. (1968) observed that maximum extraction of protein 


occurred when grinding of coconut was done at pH 6.6. 


b) Extraction 


Basically, extraction is achieved by dispersing the 
comminuted oil bearing material in water and then agitating the 
dispersion to facilitate the extraction of the constituents. 
For maximum extraction of oil and other constituents this 
process can be varied to take into account the ease of oil 
release from the cells. This depends on the physical 
structure of the oil bearing materials. Rac (1967) showed 
that the size of the cells and the thickness of cell walls 
influences the extraction of oil with hexane. Due to the 
softness of the coconut's internal physical structure, its 
Oil is effectively extracted from the comminuted meat by 
washing and pressing the slurry (Hagenmaier et al., 1972; 
Hagenmaier et al., 1973; Cater et al., 1974). However, 
in the case of peanut and sunflower, maximum extraction 
could only be obtained by stirring the dispersion (Rhee 
et al., #972a; Hagenmaier, 1974). Chayen and Ashworth 
(1953) developed a shock wave process for extraction of 
oil from oleaginous materials, with the aim of producing 


a good quality protein. This wet rendering process was 
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employed by Eapen et al. (1966) for the extraction of peanut 


Oil. However, their recovery of oil was low. 


c) Solid-liquid Separation and Centrifugation 


Removal of the major portion of the undissolved 
solids, which are mainly fibrous material; undissolved 
carbohydrates and proteins, has been found to be necessary 
with coconut and peanuts in order to obtain efficient 
recovery of oil by centrifugation. This separation could 
be achieved by hand by squeezing the ground coconut with 
water through cheese cloth (Hagenmaier et al., 1972; 
Gunetileke and Laurentius, 1974), by filtering through vib- 
ration or pressing-type screens (Hagenmaier et al., 1973; 
Cater et al., 1974; Rhee et al., 1973a,c; Dendy and Timmins, 
1973; Subrahmanyan et al., 1959; Eapen et al., 1966), or by 
clarifying or basket centrifuges (Cater et al., 1974; 
Hagenmaier, 1974; Dendy and Timmins, 1973; Eapen et al., 
1966). The selection of a particular method depends on the 
physical nature of the material in the dispersion, and 
also on the operating costs (Cater et al., 1974). 

During the extraction of peanut ‘oil, Eapen et als 
(1966) and Rhee et al. (1973c) observed that removal of 
suspended solids by a 3-way centrifuge could not be used 
efficiently because of the large volume of solids in peanut 


slurry. The self-opening type 3-phase centrifuge had to be 
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Opened at very short intervals to discharge the solids. 
This reduces the oil separation efficiency. Centrifugal 
sedimentation of the suspended solids caused emulsification 
and resulted in inefficient separation of the oil (Eapen 
et al., 1966). Removal by filtration was too slow and in- 
complete, since fine particles tended to block the screen. 
The efficiency of the separation of solids and oil depended 
On the careful conditioning of the seed. When the moisture 
content of the seeds was between 8.4-14.3%, the rate of 
filtration was fast, but when the moisture content of the 
seed was below 8%, the filtration rate was slow. The fil- 
tration rate also depends on roasting temperature. With 
roasting temperatures above 140°C, the filtration rate was 
Slow sy RMee eco al. (19 73c)-observed ‘that a continuous clar— 
ifying centrifugation of peanut dispersion through a 
Westfalia disc-type centrifuge was as effective as a com- 
bination of prefiltration and pressing steps for removing 
the majority of the solids. This method was less laborious 
and minimized the loss of material. 

rn the solid-liquid separation of sunflower slurry, 
Hagenmaier (1974) found that basket centrifugation gave a 
farrsuperntor); separation of o1b and residue: Chan batch 
centrifugation, although there was no difference in protein 
extraction between the two separation techniques. However, 
Dendy and Timmins (1973) obtained higher yields of coconut 


oil with a sieve-press operation than with a basket 
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centrifuge separation. 

In the aqueous process, three phase centrifugation 
is an important step in which the liquid or slurry contain- 
ing both dissolved and undissolved matter is separated 
into oil or an emulsion and solid and aqueous phases (Cater 
ect al.,. 1974). -In this centrifugation the oil can be 
recovered as free oil (e.g. Eapen etyalu, LIGG;ekhee ersal., 
E972a) Or as an oil-in-water emulsion (e.g. Subrahmanyan 
prot. , 1259. Hagenmaier’ et al., 1972 and) 19737 Sugarman, 
1956), depending on the conditions of the process. When 
centrifugation was done at the isoelectric pH of peanut 
protein, a greater amount of free oil could be obtained 
than under alkaline conditions, which gave stable emulsions 
fnveemetal 4.499720 )Re oe hree on bicould: beiiseparated from 
peanut by centrifugation when the seed was conditioned to 
prevent the breakdown of its fiber (Eapen et al., 1966). 
Heating before centrifugation could also yield free oil 
during the centrifugation (Pedro and Carlos, 1969; Vallee, 
Je 1 a 

Centrifugation brings about concentration and pack- 
ing of the oil-in-water emulsion in the continuous phase 
(Gunenl lokevangehaurentiuspil974)i A and iterveta factor in 
demulsification of ‘oil by cooling (to be. discussed later). 


Centrifugation in the isolectric pH range of 
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coconut protein (i.e. near pH 4.0), binds more oil to protein 
than centrifugation at pH 8.0 (Hagenmaier Spgs pL 2) oA 
higher yield of oil after laboratory centrifugation at 

4,000 x g for 30 min than after pilot plant centrifugation 

at 7,800 rpm for 45 sec was due to insufficient centrifugal 
force and retention time in the latter case for the separ- 


ation of oil from other constituents (Rhee et al., 1973c). 


qd) Demulsification 


Various methods of demulsification have baeridgea 
in aqueous extraction of oil from oleaginous materials. 
The nature of the protein forming the envelope around oil 
droplets and, hence, the nature and strength of the bonds 
between the oil and protein is the most important factor 
in determining the stability of the emulsion. Covalent 
bonding between lipids and proteins is rare, and hydrogen 
bonding is of minor significance, although it is indirectly 
important only when the interacting groups are near. 
Hydrophobic bonding is the most important factor ina 
lipid-protein complex. Other factors in the seed, such as 
phospholipids, also affect the stability of the emulsion 
(Karel, 1973; Dendy and Timmins, 1974). Karel (1973) 
established an equation for the rate of coalescence of 


droplets in the demulsification process: 
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dt Nw 
with v, average droplet volume; ¢, volume fraction of oil: 
Nwr Viscosity of aqueous phase; E, energy barrier; t, time; 


T, absolute temperature; and K, R. constants. 


i) Elevated Temperature 


In aqueous aeeennace heat treatment is used by many 
workers in the extraction step. During this extraction, 
demulsification takes place. In the traditional method, 
as discussed by Andaya et al. (1961), coconut cream was 
boiled in order to get the oil. Rajasekhran and Sreenivasan 
(1967) separated coconut oil and protein from an aqueous 
extraction of kernel by heating and centrifugation. Recent- 
ly, during the demulsification of coconut cream, the emul- 
sion was heated to 80-90°C before it was subjected to shear 


force (Hagenmaier et al., 1972, 1973). 


ii) Low Temperature 


Demulsification at low temperatures was employed 
in the aqueous extraction of oil from coconut (Robledano 
and Luzuriaga, 1948; Peters, 1960; Roxas, 1963; Gunetileke 


and Laurentius, 1974) and peanut (Subrahmanyan et al., 1959). 
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in their work, Robledano and Luzuriaga (1948) subjected 
the cream obtained by centrifugation to enzyme action, 
freezing, and thawing to break the emulsion. Peters 
(1960) reported breaking the coconut milk emulsion by 
freezing and thawing. Roxas (1963) was able to demulsify 
coconut milk by freezing it to -4°C, followed by thawing. 
Recently, it was shown that cooling at or below 17°C was suf- 
ficient to break coconut milk emulsion (Gunetileke and 
Laurentius, 1974). In this process, adequate packing of 
the oil globules by centrifugation was a prerequisite for 
breaking the emulsion under chilled conditions. Further- 
more, it was observed that the lower the temperature of 
the cream, the shorter the time required for complete re- 
lease of oil. Oil was not released if the temperature of 
the cream was above 17°C. Subrahmanyan et al., (1959) ob- 
tained peanut oil by freezing and thawing the emulsion. 
When the water phase of an emulsion freezes into 
ice crystals, the oil droplets are forced into narrow 
channels of unfrozen fluid between ice crystals (Young, 
1934). The increasing concentration of electrolytes in 
this unfrozen water results in supercooling and reduction 
in electrical charge (Borosikhino et al., 1961) The oil 
droplets are compressed and distorted by the growing ice 
erystals (Pospelova et al., 1962). Only those globules 


of a size bigger than the voids between ice crystals are 
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subjected to this pressure. Coalescence occurs at the part 
of the globule surface which is not protected by emulsi- 
fier or proteins. In practice, both freezing and thawing 
rates affect the stability of the emulsion (Singleton et al., 
1960). Rapid freezing and a moderate rate of thawing 

causes greater instability. 

Freezing could rupture the protein envelope 
(Robledano and Luzuriaga, 1948; Roxas, 1963) and could des- 
troy or reduce the emulsifying power of proteins due to 
Ehegrjinreversible) aggregation, (Borosikhinojet al., 1961; 
Roxas, 1963). As observed under the microscope, cooling 
of coconut cream to 17°C or belew resulted in crystalliz- 
ation of oil (Gunetileke and Laurentius, 1974). On thawing, 
larger droplets were formed due to the coalescence of 
these crystals. Crystalization of oil may rupture the 


protein envelope. 


iii) Shear Force 


Demulsification by shear force was employed by 
Sugarman (1956) to break the emulsion of oleaginous mater- 
ials (e.g. peanut and soybean). This technique requires . 
control of the emulsion pH at 4, and reduction of the 
moisture content below a critical level (i.e. 28%) above 
which the emulsion cannot be broken. This method was later 


used at the Georgia Technical Research Institute (1960) 
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for simultaneous extraction of oil and protein from olea- 
ginous material and, recently, the group working at Food 
Protein Research and Development Center, Texas A & M 
University used it|for the extraction of oil and protein 
from peanut, and sunflower (Hagenmaier et al., 1972, 1973; 
Hagenmaier, 1974; Cater etal. 1974). soheadt Lorce, could 
Bemachievedyby stirring (Rhee et al, 1972a, 1973); colloid 
mill (Georgia Technical Research Institute, 1960) and 

high velocity centrifugal pump (Hagenmaier et al., 1972, 

19 73;, Cater et al., 1974; Hagenmaier, 1974);. 

When shear force is applied to the emulsion, there 
will be some denaturation of proteins. With the air trap- 
ped in the emulsion, the surface tension created around 
the trapped air tends to stretch the proteins and so cause 
denaturation. The protein envelope will be disrupted by 
the shear force thus releasing the oil droplet. Stirring 
and pumping causes forced convections and a greater rate of 
coalescence. During stirring, small and large droplets 
move at different rates, resulting in more coalescence. 
This: process is’ called "“Orthokinetic flocculation”. - How- 
ever, at a high rate of shear, larger droplets are elong- 
ated and sub-divided (Kitchener and Mussellwhite, 1968). 

A Pea aneade of this method was shown by Hagenmaier et al. 
(1972) when the protein precipitated from aqueous extract 


of coconut proved to be quite oily and the oil content of 


J | eke” ats et pees porns Havel Sie er 


curate gy Ores hee ote abbas J aist (nel oye uy, 27 


“. \ 


veNe as a cpl: sat a) sine BH) fawod Se dipemn otk : 
aly 


‘eg’ } ee ae 4 ee As tt) 
Pics) SON? Lesne, pre AMS 2S FOF E ae ‘= 


MEN Pal’ oes $2 ‘eee oe SPO)» Coe eK) ee 


pos. 
; 

- 
a 
¢ 
— 


iets (G9eE “esugndeit Ca iracid Sit. itoaen mar 
Ved a ‘te ti Mee: NaRAny thmnier, foo wi ft 
HOE (v3 buinognd: SOME = Be ee 
eranty 5 i Set) OO aes rer iy g een sabe incor 
Ghd os Sits mre ane oo Chey Sa, aha aalany' arte 
. nhtaes aieye rote Spy) erie dai jah ening 
rey Ke ( i. 
ere cl folate it iso ner nile’ mom sedis eal eae hp hoi 


eo 


ae ned oa BH del tity bianarea paler aN hess ve 
pats he “yb bots Tee er ee Bercd sowed < é 8 

$0 ajax) 32 tien 6 DAS, apes jerns Herre 4 Hwee. Sgntn 
ia ie apt Bink, hes noes exh sae 
ABE ye? aie pops: 
ree aise by ad eli od 


4 


N be . Herken: imine 


7 fe) ey coheed Sw nee maa 
i : a pers 


16 


this protein could only be reduced to 40% even with quite 
severe agitation. However, the protein recovered was not 


irreversibly denatured. 


iv) Centrifugation 


Be torebrite ais oni is used for solid-liguid separation, 
phase separation, concentration of emulsion into cream, 
and demulsification. In comparing the demulsification of 
peanut oil emulsion by heating, acidification, or centri- 
fugation, Dangoumau (1958) observed that only centrifuga- 
tion was satisfactory. Dendy and Timmins (1974) and 
Hagenmater retiall.j,.0( W972)e'reported that coconut) oiJF emul= 
sions could be completely broken by centrifugation. During 
centrifugation, oil droplets are assembled and compressed 
against each other, thus resulting in coalescence. 
Kitchener and Mussellwhite (1968) suggested that compressed 
droplets take the form of a polyhedron which has a larger 
surface area than that of spherical droplets of equal 
volume. This increase in surface area stretches the pro- 
tein envelope, and, so causes it to rupture. The smaller 
oil globules, because of their relatively high surface 
tension, will require more work to be done on them to 
rupture the enclosing protein membrane than will the 


larger globules (Dendy and Timmins, 1974). They need a 
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longer period of centrifugation, approximately 30 minutes, 


in order to appear in the oil. phase. 


v) Hydrogen Ion Concentration 


It was observed that most oil-in-water emulsions 
ere least stable -at isoelectric points of the proteins in 
mic system (Rhee et al., 1972a).. Van Deurs (1928) brought 
the pH of the emulsion below 5 by addition OfmacldnorG 
lactic acid bacteria to obtain a continuous phase of the 
Oil or fat. hava et al. (1941) . published a semicommercial 
method of extracting coconut oil in which the emulsion was 
pROken by adjusting the pH an. the range of 3 to '5.6.. .Dur- 
ing the demulsification of coconut oil emulsion by cooling, 
the pH of the cream was 6.1-6.4 (Gunetileke and Laurentius, 
1974). Hagenmaier-et al. (1972) adjusted the pH of coconut 
cream to 4.0 before it was demulsified by shear force. The 
same pH value was used by Rhee et al. (1972a) in the demul- 


sification of peanut oil emulsion by stirring. 


vi) Other Methods of Demulsif£ication 


Addition of surfactants to olive oil emulsion was 
reported in a series of publications by Martinez et al. 
(1961, 1962, 1966). Sodium diisobutyl naphtalene sulfonate 


and sodium isooctylsulfo-succinate were used to break the 
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emulsion. Several workers (Alexander, 1921; Bech. 19303 
Horovitz - Vlasova and Novetelnov, 1935; Soliven and Leon, 
1938) observed that, if the emulsion was allowed to ferment, 
the oil and protein fractions separated. Recently, 
Puertollano et al. (1970) patented a method for separation 
of oil and protein from coconut milk by fermentation using 


Lactobacillus plantarum and L. delbrueckii The op- 


timum conditions for rapid fermentatation were: 1:1 to 1:2 
(w/v) of coconut meat/water; a microaerophilic condition; 
temperature of 40° to 50°C; pH between 4.7 to 5.5. Never- 
theless, even under controlled conditions only 60% of the 
milk produced from individual coconuts was separated into 
Oil and protein. At least two factors were considered to 

be responsible for the demulsification of coconut milk 
during fermentation. The first was the removal of fermented 
Sugars which may serve as emulsifiers, while the second was 


the precipitation of soluble protein due to acid being 


produced during fermentation. 


e) Drying 


Removal of water from the solid residues from 
aqueous oil extraction processes can be a problem. In 
drying of the wet carbohydrate meal and protein using 


tray drier, Subrahmanyan et al. (1959) observed that the 
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-outer surface of the lumps became discolored during the 
process. The inside of the lumps of carbohydrate meal 
remained white, in contrast to the inside of protein lumps 
which became darker than the outside. To reduce the dis- 
coloration of protein meal it was necessary to spread wet 
protein more finely than was the case for wet carbohydrate 
meal.. According to Cater et al. (1974), spray drying of 
high protein products, such as peanut concentrates and 
isolates, presents no major technical problems, since the 
proteins are relatively heat stable and the products are 
not hygroscopic. However, spray-drying of the whey-type 
coconut products has been difficult because of the lower 
protein content and the hygroscopic nature of the sugars 


and salts present. 


pom baCctore pArfectings the Yreid of Extraction 


Factors which influence the efficiency of extrac- 
tion include solid-to-water ratio, degree of grinding (al- 
ready discussed), kinds of salts and their concentrations, 


pH of the dispersion, extraction time, and temperature and 


degree of agitation (Cater et al., 1974; Mieth et al., 1975b). 


Some other factors are the morphological structure and 
composition of seed, especially the amount of seed coat, 


size and rigidity of the cells, the storage conditions and 
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physiological properties of seed material, the temperature 
of pretreatment of the seed, and the number of extraction 


eyeres (Mreth et al., 1975b). 


a) Solid-to-water Ratio 


This factor is not important when aqueous Be eeei on 
is carried out by washing and pressing, as in the extraction 
@f coconut (Hagenmaier ét al, 1972°and 1973;"Cater*etval., 
1974). However, it is critical when the oil is extracted 
by stirring or agitation, as in the case of peanut and 
Sunflower (Rhee et al., 1972a; Sugarman, 1956; Subrahmanyan 
erpal., 19597) Bhatia et al, )1966; Hagenmaier, 1974). 
Optimum extraction of oil and protein from oil bearing mat- 
erial depend on the solid-to-water ratio. The optimum 
solid-to-water ratio recommended by different workers are 


shown ins Table) 2. 


b) Temperature and Time 


Temperature is an important factor for maximum 
extraction of oil and protein. Various workers employing 
aqueous extraction process have used temperatures ranging 
from room temperature to 90°C (Table 3). The choice of 
extraction temperature depends on the emphasis placed on 


the two main objectives of the process. They are; firstly, 
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Table 2. 


Solid-to-water 
Ratio 
Pe Lo 
5 meow 2 


lesSont 


The Reported Optimum Solid-to-water 


Ratios in Aqueous Oil Extraction 


Oleaginous Material 


Sunflower seed 
Peanut 


Peanut 


Peanut 


Reference 


Hagenmaier (1974) 
Sugarman (1956) 
Subrahmanyan et al. 
(Eo) epnatLame tal. 
(1966) 


Rhee tet yal. (1972a, 
1973 a,b and c) 
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Table 3. 


Temperature 


Room temperature 


80°C 


902 


Room temperature 


60=657C 


Room temperature 
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The Recommended Temperature For 
Aqueous Oil Extraction 


Oleaginous Material 


Coconut 


Coconut 


Coconut 


Peanut 


Peanut 


Sunflower seed 


Reference 


Pedro and Carlos (1969) 
Bousser and Bermier 
(1969) 


Roxas (1963), Hagen- 
maierfeteals 1972 
and 1973 


Bhati (1963) 
Dangoumau (1958) 


Subrahmanyan et al. 


(1959)y%ikhee etgal. 


(197 2a and) 19 75a nmD 
and c) 


Hagenmaier (1974) 
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to prevent irreversible denaturation of protein and to 
recover a good quality oil, and, secondly, to recover at 
least 95% of the oil (Hagenmaier Ct ale, 1372) -e reine 
first objective requires the use of lower temperatures, 
while the second is best achieved with the use of higher 
temperatures. 

Riieeyel: aleett97 2a) Observed that the exclLaccr1on 
of oil and protein increased with temperature. However, 

a temperature of 40°-44°C was found to be satisfactory for 
protein extraction, while a temperature of 60°-64°C was 
needed for optimum oil extraction. In an experiment with 
aqueous processing of full-fat sunflower seeds, Hagenmaier 
(1974) observed that there was no change in free fatty 
acid during extraction over the range of 5° to 65°C. 

Time of extraction is only critical when stirring 
is required during the process. The extraction of oil and 
protein from peanut increased with the time, with a max- 
imum after 30° min’ (Rhee et ’al., 1972a). In other studies 
by Rhee’ et al: (1973a,b,c), extraction was done for 1 hour. 
In the case of sunflower, the extraction time was 45 min 


(Hagenmaier, 1974). 
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Cy DH Of Extraction 


Different pH values for aqueous extraction of ole- 
aginous materials were recommended by different workers 
(Table 4). Rhee et al. (1972a) obtained the maximum ex- 
traction of peanut oil when protein solubility was at a 
minimum. As the pH of the dispersion departed from the 
Goant.Ot minimum) protein jsolubllity, 1.e. pH 4.50022 0.25, 
the amount of oil extracted decreased while the amount of 
protein released increased. Maximum protein extraction 
mec ONtained at pH 8. ‘However, Rhee et al. (1973b) later 
found that maximum recoveries of both protein and oil from 
peanut were obtained at pH 8.0. Extraction at pH values 
higher than 8.0 considerably reduced the solubility of 
protein in the isolates, with no significant increase in 
the vaeonmene, of the protein, and increased the loss of 
oil through saponification. The protein content of the 
isolates increased, while their: oil content decreased, as 
the extraction, pH was raised from 7 to 10°) /inithe case of 
sunflower, the optimum extraction of oil was achieved at 
pH 10, although minimum solubility of protein occurred 


near pH 5.0 (Hagenmaier, 1974). 
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Table 4. 


pH TOLeExtraction 


Neutral pH 
(water) 


The Recommended pH of Aqueous 
Olt Extraction 


Oleaginous Material 


Coconut 


Peanut 


Peanut 


Peanut 
Peanut 


Sunflower seed 


Reference 


Bousser and Bermier 
(1969) 


Dangoumau (1958), 
Subrahmanyan et al. 
Gi959)) 


Rnecvetval lero iza 
and 1973 a and c) 


Rhee et al. (1973b) 
Eapen et al. (1966) 


Hagenmaier (1974) 
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d) Additives 


Addition of chemicals other than acids and alkalies 


were employed by some workers during the extraction pro- 
cess. The use of surfactants to demulsify the olive oil 
from olive pastes resulted in a greater yield of oil 
(Martinez et al., 1966). Montedoro and Petruccioli (1973) 
obtained an increase in the yield of olive oil when six 
different hydrolases were added, either individually or in 
combination, during the extraction process. In another 
study Lanzani et al. (1975), using four enzymes, obtained 
an increase in oil yield of sunflower from 30 to 52%, and 
peanut from 72 to 78%. In the case of rapeseed, oil recov- 
eries were 44, 49 and 75% using polygalacturonase, cellu- 
lase and pectinase, respectively. However, the maximum 
recovery of rapeseed oil was 78% using 1.5% pectinase and 
1.5% polygalacturonase. The addition of NaCl to water was 
found to increase the extraction of protein and of good 
Guality o1l, (Linow et al., 1971; Mieth etyal., 19 75a} 

Rhee et al. (1972a) observed that, with each of four salts 


MSsed s(KCL, NaCl,  Cacl and MgCl.), the peanut protein 


Df 
extractability at all the concentrations tested was sup-. 
pressed under neutral and alkaline conditions, but was 


enhanced in the range of pH 3.5 - 5.5. Sodium sulfite was 


added during the aqueous extraction of sunflower in order 


to prevent discoloration of the protein residue (Hagenmaier, 


1974). 
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e) Extraction Cycle 


The amount of oil extracted increases with the 
number of extraction cycles. Mieth et al. (1975b) suggest- 
ed that the residue of the first extraction cycle should 
be reextracted in order to obtain more oil. Hagenmaier 
et al. (1972) found that two washes were adequate to remove 


all the oil globules clinging to the coconut residue. 


Similarly, washing of the residue retained in the perforated 


bowl of a basket centrifuge was carried out during the 
extraction of sunflower oil (Hagenmaier, 1974). In another 
study, Hagenmaier et.al. (1973) extracted ground. coconut 
three times with hot water prior to pressing. In order to 
reduce the oil content of the peanut protein concentrate 
and to increase the recovery of free oil, the solids were 
washed several times (Rhee et al., 1973c). The washing 
step reduced the oil-content of the concentrate from ca. 
oOtetOrethne Unwashed product. toO..ca. .l0S forgthe three-fold 
washed product and increased the amount of free oil from 
83% without washing to about 89% with three washings. 
Washing more than three times did not result in any sig- 
Hiticant-.increase inioil orseprotein, recovery. gin their 
experiment on aqueous extraction of sunflower, Mieth et al. 
(1975a) reextracted the residue from the emulsion, and 

the washings from the residue of the first centrifugation 


in order to obtain a 95% extraction of oil. 
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4. Yield and Quality of the Extracted Oils 


In general, aqueous extraction methods lead to 
lower recovery of the oil than do the standard methods of 
oil extraction. The variation in the results reported by 
various workers for the yield of oil and protein was, as 
was already discussed, attributed to the degree of grind- 
PiggMiethoetmaly.,) 1975b)i.. The amountyotvoll remaining 
in the residue of peanut as reported by Chayen and Ashworth 
(1953), Sugarman (1956), Subrahmanyan et al. (1959), and 
Bovenecteal.. (1966), was, 9) to 10%. | Dangoumaue (1958) re- 
ported a 98% recovery of peanut oil after aqueous extrac- 
tion. While preparing peanut protein isolate Bhatia et al. 
(1966) produced protein isolates of relatively low fat 
content (4%), and obtained an oil recovery in the order of 
oi one. Recently, Rhee et al. (1972a) reported a high 
recovery of peanut oil (approximately 96%) and the amount 
of residual oil present in protein concentrates and isol- 
ates was ca. 2.5% and 3.0%, respectively. At the maximum 
PH. (ive. pH 8) for extraction of protein and o11, Rhee 
et al. (1973b) obtained a protein isolate which contained 
ca. 6% o1l. ‘In summing up ‘the recent work of Rhee et al. 
on peanut , Cater et al. (1974) reported the oil extracted 
were 89% and 86%,respectively, for preparation of protein 
concentrate and isolate. The protein concentrate contained 


% oil, while the protein isolate contained 9% oil. 
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In the aqueous extraction of coconut oil, Robledano 
and Luzuriaga (1948) obtained a yield 1% lower than that of 
the copra method, however, because refining was not neces- 
sary, the overall oil recovery rate, in terms of fresh meat, 
was ca. 10.2% higher than that of the copra method. Using 
the Krauss-Maffei process, Samson et al.(1971) reported 
about 14% of the coconut oil remained with the residue, 
and 7% with the protein. The data obtained by Timmins 
(1972, unpublished) at the Tropical Products Institute in 
London indicate that their residue and protein contain ca. 

egend £5 )>102.0f wthe oil, respectively s(Hagennaierret al., 
1972). Recently, at the Food Protein Research and Develop- 
Ment Center, Texas A .& M University, Hagenmaier et.al. 
(1973) developed a process in which the oil remaining 
was 5.8% in the residue. In their report on aqueous extrac- 
tion of coconut, Cater et al. (1974) obtained a 93% recov- 
ery of the initial oil content. The soluble fraction, 
skim milk, contained 5.1% oil. 

Agueous processing of full-fat sunflower seeds, 
yielded 86% of the oil (Hagenmaier, 1974). The dried res- 
moue vcontained 14.2% of theatotaly oll. JA bagnereyield 
(95%) was reported by Mieth et al. (1975a). 

The quality of oils processed by aqueous methods 
of extraction is higher than that obtained by standard 
extraction procedures. The oil is a water-washed product 


which requires little, if any, further treatment, except, 
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possibly, removal of water, either by recentrifugation or 
vacuum drying (Cater ét tale, 1974). A good quality coconut 
Oil is obtained by aqueous extraction methods (Robledano 

and Luzuriaga, 1948; Thieme, 1968; Hagenmaier etea ll 7 3; 
Cater et al., 1974). The coconut oil obtained by this pro- 


cess does not have to undergo a further refining process 


(Robledano and Luzuriaga, 1948). According to Hagenmaier 


et al. (1973 and 1975), coconut oil obtained by this pro- 
cess contained 0.2 to 0.4 free fatty acids with an iodine 
number of 7.5. Hence, it is superior to the crude coconut 
oil obtained by crushing copra which had ca. 5% free 


fatty acids. 


In their studies on integrated processing of peanut 
for the separation of major constituents, Subrahamanyan 
et al. (1959) obtained two types of oil with different 
auatity.. Skipin O1l;, which. forms ca. 70# of sthe toral 
Oil, has a free fatty acid value of 0.17%. Its moisture 
content of 0.04% gives a slight turbidity appearance. 
Separator oil, which comprises less than 30% of the oil 
yield, is low in free fatty acids (0.04%) and moisture 
(0.01%). Rhee et al. (1973b) conducted a study on the 
effect of processing pH on the properties of peanut protein 
isolates and oil, and observed that the free fatty acid 


value increased slightly from 1.2 + 0.5 to 1.5 + 0.2 
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while increasing the extraction pH from 7 to 10. Under 
the same conditions, a similar increase was observed for 
Beaponitcication number (191.0 + 1.2 to 19470 £ 1.0) and 
unsaponriercableemattere(0e2ct’ 033 to'0.5 +50 423)!. ooPhe 


refining loss increased substantially with extraction pH, 


mee, Sromul.8tsat pHw70 ito cant4snat pH<l0=0. 
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B. Rapeseed 
Po Introdanction 


Among the edible vegetable oils, rapeseed ranks 
fifth in the world production and is exceeded only by soy- 
bean, peanut, cottonseed and sunflower seed oils (Downey, 
1965; Ohlson, 1972). Canada has become the world's 
largest exporter of rapeseed. Rapeseed oil has been 
shown to be an excellent edible oil for various uses (Tape 
eteal. 1970) . mapeseca meal is’ used extensively in live- 
stock and poultry feedings. 

There is a general world wide shortage and increas- 
ing demand for protein. Rapeseed protein, the best vege- 
table protein known so far (Sosulski and Sarwar, 1973; 
Ohlson and Tear; 1974) is an ideal potential source of 
protein. However, its utilization in human foods is lim- 


ited due mainly to the presence of toxic substances, glu- 


coSinolates and high fiber content. The present technology 


of rapeseed oil extraction does not include a suitable 
procedure to leave the protein in meal in a digestable 
form, free from those deleterious matter (Radwan and Lu, 


197 8) 
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2eeeOrt Extraction 


The oil extraction of rapeseed is similar to that 
employed for other high oil content seeds. Currently, 
three methods of extraction are being employed in Canada; 
expeller processing, prepress solvent extraction and 
straight solvent extraction. The prepress solvent extrac- 


Pion, is the most widely used (Youngs et al. 1972). 


a) Expeller Pressing 


In this process, the oil is mechanically squeezed 
from the seed. The major steps of expeller pressing in- 
clude crushing, cooking for approximately 30-60 min at temp- 
erature up to 105-110°C followed by screw-press oil ex- 
traction. The objective of crushing is the reduction of 
the particle size which breaks the seed structure to allow 
oil separation and which allows a uniform cooking and 
drying and facilitates the rate of extraction. The cooking 
of the crushed seed completes the breakdown of oil cells, 
coagulates the cell wall proteins making it permeable to 
Flow of O11, increases the fluidity of the o11 due: to the 
coalesce of small droplets into larger ones, causes insol- 
ubilization of phosphatidic material in order to reduce re- 
fining loss, and decreases theaffinity of the oil to the 


solid surfaces of the meal. Cooking also deactivates 
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lipases resulting in lower free fatty acid value and hence 
lower refining loss, gives a proper plasticity for effic- 
ient pressing, increases the quality of oil cake by des- 
truction of myrosinase and lipoxidase; dries the material 
to a suitable moisture content since there is less affinity 
of oil to the meal when the moisture is low, and destroys 
molds and bacteria. For an efficient extraction the 
moisture of the material entering the press should be 3% 

or less. During the pressing, extremely high pressure 
(15,000-20,000 1b/in?) and temperatures (ca. 150°C) are 
developed. Although the oil content of the cake can be 
reduced to 4% by this process, it may be necessary to 

leave 6% to 7% to avoid damage to the cake. The cake 
coming out from the expeller is both hot and dry and water 
may be added to reduce the temperature and increase the 
moisture. The cake is then ground into meal. (Youngs et al. 


to72; sNOrris, 1964: Youngs, 1965):. 


b) Prepress Solvent Extraction 


In this process, only 70% to 80% of the oil is 
removed in the expeller; less pressure is required and 
consequently less heat is generated and hence, less heat 
damage is imparted to the protein. The cake containing 15% 
to 20% oil is reground and extracted with hexane in a con- 


tinuous countercurrent extraction to remove as much oil as 
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possible. The solvent in the meal is stripped in desolvent- 
izers. The meal obtained contains ca. 2% fat (Youngs etval., 


bee; Clandinin..and. Tajcnar, 1961). 


¢) Direct Solvent Extraction 


Normally, high oil content seeds, such as rapeseed 
are not directly solvent extracted because the crushed 
seed tends to disintegrate into fine particles when placed 
in the solvent. This causes the counter-current movement 
of the meal and miscella to become impractical. A process 
known as "Filtration-Extraction" has been developed to 
Overcome this problem and has been employed in rapeseed 
extraction (D'Aquin et al., 1953). The crushed, cooked 
seed is fed continuously into a horizontal cylinder counter- 
current to the stream of solvent, with slow agitation to 
give maximum extraction of oil and minimum disintegration 
of the meal. The slurry is deposited on a filtration bed 
and washed with a decreasing strength of miscella and fin- 
ally with pure solvent. As in prepress solvent extraction, 
the solvent is removed in desolventizers and the resulting 
MeadscontLains: onby. cai. 1% iO11..(vyoungsyjet tal 7 9197 2)). 

The following steps are suggested by Youngs et al. 
(1972) in order to produce high quality rapeseed meal: 

1) When the seed is crushed, the enzyme is brought into 


contact with the glucosinolates. The moisture content of 
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the seed at this point should be between 6-10%. Above 

10% moisture, hydrolysis of glucosinolates will proceed 
rapidly. On the other hand, below 6% moisture, the en- 
zyme is only slowly inactivated by heat. Moisture either 
in the form of water or steam, should not be added during 
cooking since it tends to result in local high moisture 
areas favoring hydrolysis of the glucosinolates. 2) The 
temperature of the seed as soon as it enters the cooker, 
should be raised to 80-90°C as rapidly as possible. Slow 
rate of heating favors hydrolysis since the rate of the 
hydrolysis increases with increasing temperature until in- 
activation occurs. 3) The temperature in the cooker and 
the desolventizers should not exceed 105°C, as there is a 
danger of damaging protein quality at high temperature. 
Expeller temperatures are difficult to determine but these 


should be as low as practicable. 


3. Rapeseed Oil 


A few years ago the utilization of rapeseed oil in 
human foods was questionable due to the high content of 
erucic acid in the oil. However, with the production of 
low erucic acid rapeseed oil, this oil is now being used 
in the food industry for products such as salad oils and 
dressing, mayonnaise, cooking oils, margarine, and short- 


enings. Numerous reviews on the uses and nutritional 
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aspects of rapeseed oil have been reported (e.g. Rocquelin 
et al., 1971; Runer and Ohlson, 1971; Downey et al., 1974; 
Beare, 1975; Vles, 1974; Runer and Honkanen, 1972; Jorgen- 


sen, 1972). 


a) Sulfur Content of Rapeseed Oil 


Rapeseed oil is unique in that it contains high 
amounts of sulfur in comparison with other vegetable oils. 
During the extraction of the oil, a small amount of glu- 
cosinolates is hydrolyzed into isothiocyanates, oxazoli- 
dinethione and other sulfur compounds which are soluble in 
oil and can poison the catalyst during hydrogenation pro- 
cess (Persmark, 1972a; Sosulski, 1974). The presence of 
5 ppm of sulfur reduced the catalytic activity by ca. 50% 
(Babuchowski and Rutkowski, 1969). Sulfur content of 
12 ppm was associated with marked decrease in the hydro- 
genation value for rapeseed oil (Bhatty and Sosulski, 1972). 
Oils containing over 20 ppm of sulfur are difficult to 
hydrogenate (Sosulski, 1974). 

Seven sulfur compounds were found in industrial 
extracted rapeseed oils (Daun, 1975). Four of these were 
identified as phenylethyl isothiocyanate, 3 - butenyl iso- 
thiocyanate, 4 - pentenyl isothiocyanate and 5 - vinyl 
2 - oxazolidinethione. The main constituents are 3 - butenyl 


isothiocyanate and 4 - pentenyl isothiocyante (Franzke et al., 
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1975. The ratio of 3 - butenyl isothiocyanate to 4 - 
pentenyl isothiocyanate in oils was reported to be approx- 
imately the same ratio present in the meal (Daun, 1975). 
Daun (1975) observed that approximately the same amounts of 
3 - butenyl isothiocyanate were in expelled, solvent ex- 
tracted and prepress-solvent extracted crude oils and there 
was no substantial difference in oils from B. napus L. and 
B. campestris L.. Franzke et al. (1975) reported that 
isothiocyanate content was higher in solvent extracted oils 
than in pressed oils. According to Daun (1975) the oxa- 
zOlidinethione content in expelied, solvent extracted, and 
crude oils ranged from 2.0 to 26.1 ppm of sulfur. However, 
Franzke et al. (1975) observed that oxazolidinethione was 
only found in solvent extracted oils. The highest contents 
of oxazolidinethione were found in oils which contained large 
amounts of gum (Daun, 1975). The unidentified compounds 
were present in much larger quantities in oils from B. 
campestris L. than in oils from B. napus L. and in expelled 
oils than in solvent extracted oils. 

Various amounts of sulfur in crude oils were re- 
ported by different workers; 500 ppm (Kucera and Hejtmanek, 
1957), 9 - 45 ppm (Franzke et al., 1972).,124-.43 ppm eae 
and Peredi, 1974), 5 - 15 ppm (Persmark, 1972a) and 16 - 

57 ppm (Teasdale, 1975). The amount of sulfur is higher 
in solvent extracted oil than in expelled oil (Von Fellen- 


berg, 1945; Zeman and Zemanova, 1967; Daun and Hougen, 1976). 
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This is due to an association of sulfur compounds with gum 
and colored material which are preferentially extracted 
with the solvent (Daun and Hougen, 1976). Sulfur content 
in Oil is also affected by the glucosinolate content in 
the seed. A lower level of sulfur was obtained from low- 
glucosinolate seed than high-glucosinolate seed. Crude 
oil extracted from B. napus L. cultivar Bronowski contained 
traces of each sulfur compound. Sosulski (1974) suggested 
that a high quality rapeseed oil should contain 2 to 7 ppm 
of sulfur. 

The amounts of sulfur in rapeseed oil are affected 
by subsequent processing of oil. Industrial degumming, 
refining, bleaching and especially deodorizing removed 
almost all the sulfur compounds (Kucera and Hejtmanek, 
MSS weEranzke etwas elo ize Kurucz and Peredi, 1974; 
Drozdowski et al., 1975; Daun and Hougen, 1976).. “Phydro- 
genation of a refined oil also reduced its sulfur content 
from 8 ppm to 1 ppm (Daun and Hougen, 1976). 

The effects of seed conditions such as moisture con- 
tent, heat treatment, and the quality of seed were also 
studied. There was a gradual increase in sulfur content 
of the oil with increasing moisture content of the seed 
(Daun and Hougen, 1976). However, the rate of increase was 
higher for high-glucosinolate seed than low-glucosinolate 
seed. Dry heating of high-glucosinolate seed resulted in 


increasing amounts of sulfur in the oil. However, with 
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low-glucosinolate seed, dry heating did not produce any 
sulfur in the oil. Prolonged heating of high-glucosinolate 
seed further increased the sulfur content of the oil which 
could be due to partial pyrolysis of glucosinolates yield- 
ing 0il - soluble compounds. The sulfur levels of oils 
from green, frost - damaged, and bin - heated seed were 
higher than that of sound seed. The highest sulfur content 
was observed in oil extracted from 75% green seeds. 

The sulfur content of laboratory extracted oil from 
a@ty ground seed ranged 2 to 5 ppm (Sosulski et al., 1972; 
Bhatty and Sosulski, 1972). Boiling of rapeseed before 
diffusion extraction of glucosinolates reduced the sulfur 
eonctent, to less than, 10 pom (Sosulski et al., 1972; Bhatty 
and Sosulski, 1972; Kozlowska et al., 1972a). In diffusion 
extraction of pice stis Vaceomat ete solutions were more 
effective in reducing the sulfur content of oil than 
acidic solutions (Sosulski, et al., 1972). The amount of 
sulfur in the oil decreased with increasing temperature of 
the NaOH solutions (Kozlowska et al., 1974). The sulfur 
level increased during 1 h of extraction and then decreased 
with further extraction. With the alkaline solutions and 
boiling, sulfur level in oils ranged between 12 and 38 ppm 
(Bhatty and Sosulski, 1972; Kozlowska et al., 1972a). By 
using 50% ethanol in NaOH solution, no sulfur in the oil 
was detected by Kozlowska et al. (1972a) however, 2 to 5 ppm 


was obtained by Bhatty and Sosulski (1972). 
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4. Effect of Processing on Quality of Rapeseed Meal 


Industrial processing conditions can cause positive 
or negative changes in the natural properties of the seeds 
(Rutkowski, 1970). During the processing of rapeseed, 
extensive denaturation of protein occurs. However, this 
is generally considered desirable for feeding purposes 
Since it makes the protein more readily assimilable by 
the animals. On the other hand excessive heat can result 
in losses of certain amino acids e.g. lysine (Youngs et al., 
oi hce,) « 

Protein damage can occur in various processing 
steps: in the cooker and the expeller in the expeller pro- 
cess; in the cooker, expeller and desolventizer in prepress 
solvent Berea i ontana in the cooker and desolventizer in 
Straight solvent extraction. The extent of the damage in 
these operations will depend on temperature, time, moisture 
content, mechanical factors (Rutkowski, 1970), reducing 
Sugar content and possibly on the content of other constit- 
uents in the seed (Youngs et al. 1972). Thermal processes 
are the most important factors influencing the quality of 
the products, while mechanical factors, humidity and solvent 
are the less important factors (Rutkowski, 1970). 

The protein damage due to heat was reported in the 


processing of many oil seeds, including cotton seed 


(Conkerton et al., 1957), sesame (Carter et al.,1961), 
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mustard seed (Mustakas et al., 1962; McGhee et al., 1964), 
sunflower (Renner et al., 1953a), peanut (Bensabat 

et al., 1958), soybean (Evansand Butts, 1948; Liener, 
1958), and rapeseed (Clandinin et al., 1959; Clandinin 
and Tajcnar, 1961). These findings revealed that the 
amino acids affected include basic amino acids (lysine, 
arginine, and histidine) as well as cystine, serine and 
trytophan. Lysine is reported to be the most sensitive. 
The solubility and digestibility of rapeseed proteins are 
also affected by heat during the processing (Rutkowski, 
£970.) 

The protein damage is generally proportional to the 
extent of heat i.e. time and temperature beyond a certain 
critical temperature (Bender, 1972). Extensive spontan- 
eous bin-heating of clean rapeseed (B. campestris L.) 
caused substantial losses in tryptophan, lysine, histidine, 
arginine and threonine (Bell and Giovannetti, 1973). Heat- 
ing the rapeseed (B. napus L. cultivar Bronowski) at 110, 
mS and 120°C for, 1 or 25h resulted. in a reaquced content 
of available lysine which was correlated with a decrease 
in total lysine content (Josefsson, 1975a). Autoclaving 
rapeseed meal at 121°C for 2, 4 and 6 h reduced the liber- 
ation of lysine during hydrolysis by ca. 20, 50 and 60% res- 
pectively, while autoclaving at 4 and 6 h in addition des- 


troyed arginine, phenylalaine and tyrosine (Sarwar et al., 
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1975). The loss of arginine (45%) for 6 h autoclaving was 
almost double that observed for 4 h treatment. Autoclaving 
for 2, 4 and 6 h increased feacal excretion of lysine by 
10, 50 and 70% respectively. Autoclaving for 2 h had 
little or no effect on the availability of N and amino 
acids except lysine which was slightly reduced. However, 
autoclaving 4 and 6 h reduced the availability of N and 
most of amino acids by ca. 20 and 50% and lysine by 50 

and 70% respectively. 

The moisture content of the protein containing 
material is a critical factor in determining the extent of 
damage during heating. Lea and Hannan (1949) established 
that protein damage is most extensive at 10-14% moisture. 
Carpenter et al. (1962) observed that the loss of available 
lysine is greatest at 4-14% moisture. However, the dry 
materials are relatively resistant to heat (Miller, 1956) 
and boiling in excess water usually gives no damage (Bender, 
1972; Renner et al., 1953b; Taira et al., 1965). In case 
of rapeseed, the losses of amino acids due to extensive 
spontaneous bin heating was observed when the rapeseed was 
stored at 9 or 10% moisture content. In his experiment, 
Josefsson (1975a) observed that the damage of lysine 
occurred when low - glucosinolate rapeseed meal was heated 


at 12% moisture content. 


Some few years ago, most of the rapeseed meal 
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was produced in Canada by the expeller method. Currently 
the meals are produced mainly by the prepress - solvent 

or straight solvent process (Youngs, 1965). The present 
meals are subjected to less heat during processing; as a 
result they are nutritionally superior (Clandinin, 1967). 
In the expeller processing, Clandinin and Tajcnar (1961) 
demonstrated that a decrease in the temperature of both 
the cooker and conditioner resulted in an increase in 
lysine content in the meal; the lysine content of the 
meal correlated directly with the final oil content of the 
meal .(Clandininet .al..,,,1959; Clandinin-and Tajcnar, {1961).. 
A marked reduction in the lysine content was observed in 
the meal with less than 6% oil. When the meal contained 
6% or more residual oil, the average lysine content was 
4.8% of the protein. When the oil was removed by a pet- 
roleum ether solvent (Clandinin and Bay le 1963) and the 
resulting meal had not been heated, the average lysine 
content of six varieties of rapeseed tested was 5.3% of 
the protein (Clandinin and Tajcnar, 1961). 

The protein solubilities of expeller processed 
meal were lower than those of prepress-solvent and solvent 
processed rapeseed meals (Anwar and @Glandinin, 1971: 
Donefer, 1974). Sosulskiand Bakal (1969) and Girault (1973) 
also noted that the solubility of nitrogenous material in 


rapeseed is lower for the industrial processed meal than 
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_ laboratory defatted meal. 

A cooperative study carried out by Giovannetti and 
Bell (1971) indicated that there is no undue destruction 
of lysine in the three processing methods which yield 
meals of similar lysine content corresponding to those in 
the raw seed. 

Besides proteins, other constituents of the meal 
may undergo changes during the processing. It was observed 
by Zeman et al. (1964) that the mineral matter in the meal is 
unaffected by the production process. Similarly all vit- 
amins, except for tocopherol undergo little changes in the 
process (Rutkowski, 1970). The contents of crude fiber, 
Starch and pentosans in rapeseed meal remain unchanged 
while the monosaccharides content changes considerably 
due to the non-enzymatic browning reaction (Hrdlicka et al., 
1964, 1965a).Greater losses were observed with the more dras- 
tic processing conditions. The darker color of the meal is 
also the result of the complete decomposition of pigments, 
Such as carotenoids and chlorophylls at 115°C (Rutkowski, 
1970). Glucose liberated from glucosinolates by enzymatic 
hydrolysis can react with amino acids producing dark com- 
pounds (Rutkowski and Kozlowska, 1969). 

During the processing glucosinolate content may be. 
altered in two ways; first by enzymatic hydrolysis and 


second by chemical modification on heating in the presence 
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of moisture and other constituents of the seed (Youngs, 
1965). Reynolds and Youngs (1964) found that if no water 
was added during cooking, virtually all glucosinolates 
remained in the meal, whereas cooking with the addition 

of moisture resulted in a substantial drop of these com- 
pounds in the meal. Josefsson (1975a) observed that there | 
was generally a reduced glucosinolate content in the meals 
when the seed had been heated for 2 h at 105, 110, 115 and 
120°C, as well as when the Sers had been treated for 60 


hay ate > or 120°C. 
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5. Rapeseed Meal 
a) Components 
i) Protein 


Protein is the most important constituent of the 
rapeseed meal; its amount and amino acid pattern determine 
the value of the meal. The protein content of rapeseed 
meal varies from 30 - 48% depending on such factors as 
variety (Clandinin and Bayly, 1963), environmental con=- 
ditions (Wetter etval., 1970) “and, toxa limiredrextent on 
processing technology (Rutkowski, 1970). Of the total nit- 
rogen about 9% was reported to be nonprotein nitrogen 
(Quinn and Jones, 1976). Based on amino acid analysis, 
Sosulski and Sarwar (1973) suggested a factor of 5.50 in- 
stead of 6.25 for calculating the rapeseed protein content. 

Varietal difference was observed by Clandinin et al. 
(1959) and Clandinin and Bayly (1963) who found*sthat the 
protein content of B. napus L. is higher than that of B. 
Campestris L.. Higher protein content in B. napus L. 
meals compared to B. campestris L. meals is due to the fact 
that the seeds of B. campestris L. are smaller than those 
of B. napus L. resulting in higher fiber and lower protein 
contents (Josefsson, 1972; Sarwar and Sosulski, 1973). 


The protein content of rapeseed meal could be 
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increased through plant breeding. It was reported that 
there was a negative correlation between the percentage of 
oil and protein (Stolle, 1954; Sosulski, 1973). The in- 
troduction of yellow - seeded rapeseed with thinner seed 
coats, has resulted in an increase in oil as well as pro- 
tein (Stringam and Harvey, 1973; Stringam et al., 1974). 
Numerous workers have reported the increase in protein 
content in rapeseed concentrates prepared by removing the 
hull and in rapeseed isolates prepared by dissolving and 
precipitating the proteins (e.g. Ohlson, 1973; Anjou and 
Fecske, 1974; Thompson et al., 1976). 

The nitrogen content of rapeseed usually increased 
in response to the addition of fertilizers (Wetter et al., 
1970; Josefsson, 1970; Josefsson and Appelqvist, 1968). 

Numerous workers have reported the extraction, 
isolation and characterization of rapeseed protein. A 
number of solvents were being used by various workers for 
the extraction and isolation; these include, water, dilute 
NaOH and HCl, aqueous NaCl and aqueous ethanol. In their 
work Shaikh et al. (1968) extracted defatted rapeseed meal 
with aqueous NaOH at pH 8 to ll and precipitated the pro- 
tein at pH from 4 to 6 and observed that the extraction at 
pH 10 and the precipitation at pH 4 gave the most satis- 


factory result. 
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Studies on the isolation of proteins from rapeseed, 
soybean, flax and sunflower successively by water and 
aqueous NaCl, ethanol and NaOH revealed that the proteins in 
rape and turnip rape were less water-soluble than that of 
soybean but correspondingly more soluble in salt solutions 
(Sosulski’ and Bakal, 1969). Gheyasuddin and Ali (1975) ob- 
served that water soluble and salt soluble proteins repre- 
sented ca. 32 and 44% respectively of the total proteins. 

In 1971 Korolczuk and Rutkowski obtained the high- 
est extractability of nitrogenous compound (more than 80% 
of total N) at pH 9.5-10.0 and 30-45°C and the lowest 
extractability (20-25% (of -totaioNn)- at pH °675=8504and’80=100°C. 
Using NaOH solution, Girault (1973) was able to extract 89% 
of the total rapeseed flour N. With aqueous NaCl, 67-70% 
(Finlayson et al., 1969), less than 44% (Owen et al., 1971), 
#52 O(LoeCand tHi DD, 21971), ‘\and-70S°(Giratlt, 42973) of the 
total N of the rapeseed meal were extracted. Kodagoda 
et al. (1973a) extracted proteins from rapeseed meal 
sequentially by water, HCl solution at pH 2 and NaOH solution 
at pH 10 and also by direct 0.01N NaOH solution. After the 
maximum precipitation, they obtained 11, 13 and 42; and 61% 
protein respectively. 

During isolation of rapeseed protein using sodium 
hexametaphosphate Thompson et al. (1976) obtained highest 


yield of nitrogen (97%) when rapeseed flour was double 
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extracted with 2% sodium hexametaphosphate at pH 7.0 first 
with a rapeseed flour - solvent ratio 1:10 and second with 
@eratio Of%]:6.,at 25°Csfor +30.min. Chamnanwej (1971) ob= 
served that NaOH solution was the most effective solvent 
for the extraction of rapeseed protein but it appears to 
cause an alteration of the proteins. Two salt solutions 
(NaCl and sodium pyrophosphate) yielded a comparable amount 
of protein, however, they have different efficiency in 
their extracting power on the various classes of proteins. 

The studies m characteristic of rapeseed meal pro- 
tein showed two major protein fractions from salt extrac- 
tion, a neutral protein (12S protein) and a basic protein 
(1.7S protein) (Bhatty et al., 1968; Finlayson et al., 1969). 
The 12S protein acts as a single molecule at pH values of 
7.5 to 9.0 but dissociates into 7S components at pH 3.6 and 
25. components iat «pH 2.2 (Finlayson,.et,ak.»1969).. 

Rapeseed was reported to contain over 30 protein 
species and the majority of these proteins have isoelectric 
points in the neutral pH region (Quinn and Jones, 1976). 

In another study Janson et al. (1971) observed that the 
rapeseed proteins were composed of ca. 20 weakly acidic 
proteins, ca.20 neutral proteins and 4-6 basic ones. The 
water extract contains mainly acidic and neutral proteins 


whereas the HCl solution (pH 2) extract is made up of mainly 


basic proteins (Kodagoda et al., 1973a). The basic proteins 
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account for ca. 20% of the total soluble protein and have 
molecular weights in the range of 15,000-20,000 (Janson 
et al., 1971) and ca. 5% of the soluble protein has M.W. 
of 50,000-75,000 and the bulk of the protein has M.W. from 
ea.el20,0000t0 150,000 (Janson, 1971; Janson Gt vali L971). 
Different molecular weights of protein species were re- 
ported by other workers (Chamnanwej, 1971; Kodagoda et al., 
1973a; Ohlson and Tear, 1974; Quinn and Jones, 1976). 
Realizing the importance of amino acids for human 
nutrition, extensive studies on the amino acid composition 
of rapeseed protein have been carried out by many workers. 
Several workers reported differing amino acid compositions 
of rapeseed protein. Rapeseed meal has been reported to 
be nutritionally inferior due to its low lysine content 
(e.g. Kratzer et al., 1954; Klain et al., 1956). However, 
it was established that high temperature of processing was 
responsible for the low lysine content in the meal 
(Clandinin et al., 1959; Clandinin and Tajcnar, 71761; 
Glandin ingetl 967 je 
The result obtained by Tape et al. (1970) indicated 
that essential amino acids of rapeseed meal and flour, with 
the exception of arginine, methionine and cystine, were 
uniformly between 40 to 60% of that in casein, suggesting 
a balanced characteristic of the amino acid pattern. Rape- 


seed meal protein was reported to be deficient; in valine 
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and isoleucine (Tape et al., 1970), in methionine (Ballester 
et al., 1970a), in lysine and methionine (Hrdlicka et al., 
1965b), in valine, isoleucine and histidine (Gheyasuddin 
and Ali, 1975), and in methionine and epee ne (Thompson 
eceal., 1976)” 

ono 2, Clandinin et al.(a)mentioned that rapeseed 
meal contained ca. 92% of lysine found in soybean meal. 
Work by eballester et als (1970a) and Ohison (1972 and 
1973) showed that rapeseed protein contained a high amount 
of lysine, comparable to that of soybean. Ohlson (1972 
and 1973) also reported that rapeseed protein contained a 
considerably higher level of methionine than soybean pro- 
Gein In stheir study, Sarwar et al. (1975) observed that 
compared to the soybean meal, the rapeseed meal contained 
higher amounts of histidine, threonine, valine, methionine, 
cystine, glycine and proline but lower amount of arginine, 
isoleucine, leucine, phenylalanine, aspartic acid and 
glutamic acid. 

Work by Sosulski and Sarwar (1973) showed that 
soybean and rapeseed proteins contained high proportion 
of essential amino acids as compared with flax, sunflower 
and safflower proteins. Rapeseed proteins also contained 
high level of methionine + cystine and proline while 
soybean proteins had a higher level of phenylalanine. High 


ratings were given to soybean and rapeseed meal and isolates 
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however, soybean was deficient in S-containing amino acids 
while the rapeseed meals were low in isoleucine. Since iso- 
leucine deficiency is uncommon in normal diet, they con- 
cluded that the rapeseed products appeared to have the best 


protein for the supplementation of human diet. 


mia Cruce . i ber 


The crude fiber of a meal is mainly composed of 
lignin and insoluble carbohydrates, cellulose and hemicel- 
lulose. In all cases, the contents of crude fiber of rape- 
seed meal are reported to be high; G20. 220 alo) & 
foosulski and Bakal,,.1969). and.13.2 — 14.7% (Ballester et al,, 
1970a). The crude fiber content of rapeseed meal is con- 
siderably higher than soybean (e.g. Ohlson, 1972) and 
peanut meals (Rosen, 1958) but is similar to that of sun- 
Blower (Klain et al., 1956;. Morrison et al-, 2953) and 
cottonseed meals (Altschul et al., 1958). The high crude 
fiber content in rapeseed meal is due to the small size 
of the seed and large proportion of seed coat, rich in 
fiber (Wetter, 1965; Ohlson, 1972). 

The utilization of commercial rapeseed meal would 
be enhanced if the crude fiber content could be reduced. 
This is done by dehulling the seed and by plant breeding. 
The hull can be removed by dry dehulling before oil 


extraction (Ohlson, 1973), wet dehulling after diffusion 
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extraction (Sosulski, 1974) and air-classification of the 
meal (Tape et al., 1970). Significant reduction of crude 
fiber could be achieved through the introduction of yellow- 
seeded cultivars (Stringam and Harvey, 1973; Stringam et al., 


1974). 


iii) Lipia 


The amount of residualoil in rapeseed meals depends 
on the method of oil extraction. The meals from prepress- 
solvent and straight solvent extraction may contain 1 to 4% 
Seeolie (e.g. Clandinin et al-; 1959; Bayley; *1974)'." With 
expeller oil extraction, 6 to 7% of oil is left in the 
meals. The amount of ether extract of rapeseed meal tends 
to be higher than that of soybean meal due to the add-back 
of gums to the rapeseed meal (Clandinin et al., 1972b; 
Anjou, 1972). 

The fatty acid composition of residual oil shows 
similar pattern to rapeseed oil provided that the meal con- 
tains more than 1% oil (Zeman et al., 1964). The fatty 
acid of the residual oil contains less erucic, eicosenoic 
and linolenic acids and more of the other acids than are’ 
found in typical rapeseed oil. Presumably due to its low 
content, the residual oil does not play any essential role 
as an energetic component of the meal (Rutkowski, 1971). 


However, its presence increases the digestible energy, 
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metabolizable energy and total digestible nutrient values 


of the meal (Clandinin et al., 1972). 


iv) Carbohydrates 


In their study Matet et al. (1949) observed that 
the carbohydrate content of European rapeseed meal was 
Similar to that of linseed meal but was slightly higher 
than that of sunflower meal, and it varied from 20 to 25%. 
Different values were reported by other workers; ca. 383% 
(Hrdlicka et al. 1964) and less than 20% (Theander and Aman, 
1974). This carbohydrate consisted of mainly polysaccharides, 
with small amount of mono-, di- and tri-saccharides. Dif-= 
ferent workers reported different constituents and amounts 
Of oligosaccharide fractions of the carbohydrates. The 
constituents reported were; sucrose, stachyose, raffinose, 
glucose, fructose, galactinol, digalactosyl glycerol, 
myo-inositol and traces of arabinose, galactose, ribose, 
xylose, rhamnose, galacturonic acid and digalactosyl 
inositol (Mizuno, 1958; Hrdlicka et al., 1964; Siddiqui 
et al., 1973; Theander and Aman, 1974). The predominant 
components were reported to be sucrose and fructose by 
Mizune (1958), sucrose and glucose by Hrdlicka et al. 
(1964), sucrose and stachyose by Siddiqui et al. (1973) 


and Theander and Aman (1974). 


= ' j : , 


ranisy onorigourn ©) Def. 


2 
J o -_ , \ 
. —. i Dano 
t 
26 { 2 
nt 
BS WwW - 2 ei ae 
F - F 
a iy 
% 7 tT 
- rTP: i 
4 
. $ i he Pt 
is, NS iv 
- ‘ be , 5 - - . } . ‘ 
~ ? -»% - % > « - ot ant me . ‘ t é 2. * 
7 ee BS ‘ LS Ae 5@ Da T- J | oe i ab. is @ ei 4 } a ~ Teva pp tase: mR a o 
s > 3 : : ve 


ba ‘ " ' 6 i. os alt, i on 
AiG \lveshixsnboose-sat Bes oF ta et 285°. i 8 Pile 7 
a t j 4 y 4 % 7 e | a 14 oe | ce. 
; ’ is ae a bd ~~ te) ¥ Veh " 


, Ns Ale AP) pe 
- ‘ . “a * e « oe tee ete 8 a i 
etacomk ‘bic estnsnd¢rsenox ate3053.1 £ ie + exgtow 
I ; ’ fi ; 7% i 


j rk: s p i, 
Soha . rind BPY PrP) oi) i listgsiad paige 


ch a - *» 
" j 4 re = a a F 
i : he Ae rian 7 
d 1+ 5" = ‘a. 7 im ey ro A vi ith 
,9B2OGLATET ,SeOyCOhIa eeeoiny S TaTEe. Foye a vais 
h mS uy y 


.lLozeoy ty) iceQtemeReh Tete Lap, again 
: eee th Ge a iM Var. 
- 7 4 - 


: ied 
a, 
ae; 

i 


iy 8 4 hea 


ra? 


E OM Le ie Ls s. 49 ED e 4S “pas tes J deen! 


56 


v) Ash, Minerals and Vitamins 


The ash content of the rapeseed meals was reported 
to range from: 6 to 7% for the meals from Western Canada 
Pcrain et Al. ,.3£956).,) 5.8. to 6.6%. for,.the. meals. trom, Chile 
(Ballester et al., 1970a), 7 to 8% for the meals from Sweden 
(Ohlson, 1972), and 7.0 to 7.3% for meals from Poland 
(Rutkowski, 1971). The variation among samples appears 
to be rather small (Ohlson, 1972). 

The mineral content of rapeseed meal is relatively 
higher than that of peanut but is comparable with cotton- 
seed and soybean meals. The analysis of the ash shows that 
there is considerable variation in the content of Ca, P, 
Cu, Fe, Mg, Mn, Zn, and Se among the rapeseed meals (Bragg, 
1974). Published data indicate that rapeseed meal is com- 
paratively richer in Ca, P, Mn, Se, Zn and Mg than other 
oil meal anne Gbealege ov; Sailester lowes y aw Ua, 
Gieircdainrin ec als; 1972) Recently, Bragg (1974) showed 
that with the exception of Cu, the contents of other min- 
erals were higher in rapeseed meal than corresponding 
values normally cited for soybean meal and the author con- 
cluded that the rapeseed meal appeared to be a better 
source Of Ca,* PP,’ Zn, Fe, Mg, Mn; and “Se. Unpublished data 
by Motzok showed that 70% of phosphorus in rapeseed meal 


was in the form of inorganic compounds as compared to only 
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32% in soybean meal. Since phosphorus is an expensive 
ingredient in feed rations, the rapeseed meal is considered 
to have this advantage over soybean meal (Clandinin et al., 
1972). 

Like other oil seed are rapeseed meal contains 
a high proportion of B-group vitamins. There are no signif- 
icant differences in vitamin contents between rape and 
futnip rape varieties. (Klain et.al.,,..1956)..., In, comparison 
with other oil seed meals, rapeseed meal contains higher 
amounts of choline and niacin, similar in riboflavin and 
lower in thiamine and pantothenic acid. The tocopherol 
content of rapeseed meal is about 45mg/kg including 12mg 


Of;the alpha form (Ames, 1956; Hjarde et al., 1962). 


vi) Other Constituents 


Other minor but also important constituents of 
rapeseed meal are tannin and phytic acid. Both the 
prepress - solvent and solvent processed rapeseed meals 
contained 2.6% (Fenvick and Hoggan, 1976) to 3.0% tannin 
(Clandinin and Heard, 1968). The feeding of tannic acid 
causes a reduction in growth (Vohra et al., 1966; Glick ° 
and Joslyn, 1970a; Peaslee and Eintellig, 1973) and an 
increase in the level of excreted nitrogen (Vohra et al., 


1966; Glick and Joslyn, 1970b) in rats, mice and chickens. 
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It also resulted in the formation of yellow-green mottling 
Pegevolks (Potter et al., 1967; Fry et al2,%1972)) and in 
lowering the metabolizable energy content of the diets 
Mionraget al.,” 1966; Yapar and Clandinin, 1972). )) However, 
there would be little metabolic disorders affecting the 
chicken if the rapeseed meal is kept below the 10% level 
(Fenwick and Hoggan, 1976). 

The rapeseed protein concentrate contained ca. 5% 
Pnytiec acid (Hermansson et al., (1974). Inspite of the 
phytic acid content, there was no reduction in the intest- 
inal absorption of Ca, Zn, and Fe in rats fed on a diet 
containing rapeseed protein concentrate (Eklund and Agren, 


1974). 
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b) Biological Value 


The nutritive value of rapeseed meal is dependent 
on protein content, amino acid composition and contents of 
crude fiber, minerals and vitamins, and the presence of 
toxic substances (Josefsson, 1972). The biological value 
of rapeseed meal was inferior to that of soybean meal and 
casein due to the goitrogenic factor, high fiber content, 
and unfavorable amino acid balance (Drouliscos and Bowland, 
1969). The voluntary intakes of diets containing rapeseed 
Meal were depressed by the presence of glucosinolates 
especially at high levels (Beil et al., 1971; ssarwar etval., 
1973; McDonald, 1974; Josefsson, 1975b). This palatability 
problem is due to isothiocyanates, which have pungent 
taste and odour and, in high concentrations, can damage 
skin, the mucous membrane and the surface of the alimentary 
canal (Josefsson, 1972). 

A number of workers reported that the digestibility 
of rapeseed meal and protein was less favorable than soy- 
bean and sunflower meals, casein, heat-damaged casein, 
soybean protein isolate, and zein (e.g. Rutkowski, Lod Ls 
Bayley, 1973; McDonald and Gregoire, 1973). In a more de- 
tailed study, Sarwar et al. (1973) reported that the appar- 
ent digestibility of rapeseed meal was lower than casein, 


soybean meal, and turnip rapeseed meals, however, it was 
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comparable to sunflower, and was higher than flax and 
safflower meals. In the case of rapeseed protein isolate, 
the apparent digestibility was similar to that of soybean 
meal, but lower than flax, sunflower, safflower and turnip 
rapeseed meals, and casein. The digestibility of the meal 
increasecé when its glucosinolate content was low (Ballester 
Sigal, 1970be,Bell,,1975).. 

The apparent digestibility coefficient of the 
individual amino acids was low for rapeseed protein 
(McDonald and Gregoire, 1973; Bayley, 1973; Sarwar etval.., 
1975). However, there were two notable exceptions, with 
lysine in rapeseed meal being comparable to that of soybean 
meal, while methionine was superior to that in the soybean 
meal. 

The protein efficiency ratio (PER) values of rape- 
seed meal and turnip rapeseed meal were similar to those 
of sunflower, safflower and flax meal, but lower than soy=- 
bean meal and casein (Sarwar et al., 1973). The PER value 
of rapeseed meal increased substantially after heat in- 
activation of myrosinase (Josefsson, 1975b) and removal of 
m@lucosinoiates.(e.g. Bock, 1967; Tape et al.,, 1970; 
Ballester et al., 1973; Eklund and Agren, 1974). The PER 
values of rapeseed flour (Tape et al., 1970) rapeseed - 
protein concentrates (Gorrell et al., 1974; Ohlson, 1973) 


or rapeseed protein isolates (Sarwar et al., 1973; Thompson 
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et al., 1976) were higher than that of casein. Further- 
more, the rapeseed isolate prepared by extraction with 
sodium hexametaphosphate and precipitation at pH 2.5 

was reported to be equal in PER to cheese whey protein 
concentrate (Thompson etvale, 1976)%7=0hlson-and Tear-41974) 
stated that the nutritive value of rapeseed protein con- 
centrate was higher than that of any other vegetable pro- 


tein known. 


c) Functional Properties and Uses in Foods 


Research in the area of the functional properties 
of rapeseed protein is a relatively recent development. In 
order for it to be an acceptable food ingredient, rapeseed 
protein must have good functional properties. The water 
absorption capacity of rapeseed protein concentrate was 
500 - 700%, compared to 400% for texturized soybean flour, 
and its water binding capacity was 300 - 400%, compared to 
200% for texturized soybean flour (Ohlson, 1973). 

The emulsifying capacity and emulsion stability of 
rapeseed protein concentrate were comparable to those of 
soybean products (Ohlsson, 1973). When protein concentrates 
and isolates were prepared by a sequential extraction with 
water and acidic and alkaline solutions, it was observed 
that the water extracted isolate had a higher emulsifying 


capacity than the other isolates (Kodagoda et al., -1973b). 
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The emulsifying capacity of concentrates was lower than 
that of corresponding isolates. The emulsions containing 
isolate and concentrate extracted by water were the most 
stable. Foaming properties of rapeseed protein concentrate 
were also comparable to those of soybean products (Ohlson, 
(1973). The specific volume of whipped egg-albumin in- 
creased when acidic extracted isolate was added, but de- 
creased upon addition of other isolates (Kodagoda et al. 
1973b), however, all concentrates decreased the specific 
volumes. The water extracted isolate showed the greatest 
foaming stability. All modified products obtained from 
solubilization of rapeseed protein concentrate with alkali, 
acid, or the enzymes, pepsin and papain had higher sol- 
ubility, emulsifying, and foaming properties, and three of 
seven modified preparations had a better swelling ability 
than did the original rapeseed protein concentrate 
(Hermansson et al., LOF4) . 

During baking, replacement of 5% of the wheat flour 
with rapeseed protein isolates or concentrates decreased 
the loaf volume by 10 - 15%, and 20%, respectively. How- 
ever, the addition of 0.5% emulsifier restored the loaf 
volume in most breads (Kodagoda et al., 1973b). It has 
been shown that rapeseed protein concentrate can be used 
in different foods, e.g., meat balls and hamburgers, at 


a 2-3 times higher concentration than soybean protein 
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without any detectable off-flavor development (Ohlson, 
1973; Ohlson and Tear, 1974). Rapeseed flour has been 
incorporated into meat and bakery products where it was 
found to be organoleptically acceptable (Sims, 1971). The 
weight-gain of calves fed with rapeseed concentrate as a 
substitute for cow's milk was the same as that of calves 
given fish protein concentrate, and was even greater than 
that of those given skimmed milk (Ohlson and Tear, 1974). 
There was no off-flavor or odor development, or deteriora- 
tion in protein quality when rapeseed protein concentrate 
was stored in a moisture-vapor-proof packaging material 
for six months at 40°C (Ohlson, 1973). 

Work on spinnability of alkaline solutions of 
rapeseed globulin and casein, and of rapeseed albumin starch 
sulfate and casein has shown that the spinnability depends 
on such factors as protein concentration, NaOH concentration 
of the spinning solution, and the HCl content and temper- 


ature coagulating bath (Schmandke et al., 1976). 


d) Toxicity of Rapeseed Meal 


The main factor which limits the use of rapeseed 
meal and protein for human consumption and animal feed is 
the presence of glucosinolates. Numerous reports have 


demonstrated that feeding rapeseed meals caused a 
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depression in growth and in many cases enlargements of the thy- 
roid in poultry (e.g. Clandinin et tale, 1959;eJackson, \19693 
Clandinin and Bayly, 1960) rats (e.g. Bell, 1957a; Bell 
and Baker, 1957; Belzile et al.,1963; Manns et al., 1963), 
and swine (e.g. Manns and Bowland, 1963a,b; Manns et al., 
1963; Bayley et al., 1969; Bell, 1965). Feeding experi- 
ments have also shown that the goitrogenic substances in 
rapeseed meal have negative effects on the egg production 
of mature *hens (e.g. Clandinin et) al., 1959; Clandinin 

and Bayly, 1960; Clandinin and Tajcnar, 1961; Marangos 
eral, 41974; Olmu et al., 1975), as well as on the mort- 
ality of hens (e.g. Marangos et al., 1974; Olmu et al., 
ESS ep *andton. the: rate of maturation, reproductivity and 
lactation of swine (e.g. Robblee, 1965; Rutkowski, 1971). 
Glucosinolates also affect the adrenal cortex, pituitary 
kidneys and liver, especially in non-ruminant animals 

(Van Etten, 1969). 

Ruminants have the highest resistance to the glu- 
cosinolates of rapeseed meal and generally show no marked 
goitrogenic effect and no adverse effects on the rates of 
weight gain or reproduction (e.g. Bunger et al., 1964; 
Virtanen et al., 1963; Bell and Devlin, 1972). ‘Robblee 
(1965) indicated that both the yield and flavor of milk are 
unaffected by the inclusion of solvent-extracted rapeseed 


meal in the ration. However, in another experiment, 
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Ingalls et al. (1970) observed that high levels of rapeseed 
meal in grain rations resulted in somewhat lower milk vad 
and fat content. Feeding of sheep with a ration containing 
rapeseed meal had no detrimental effect on the wool 
(Rutkowski, 1971). It was suggested that glucosinolates 
are effectively destroyed or altered during ruminant 
e@agestionm(Virtaneni et: ala; 1963;+ Bell, and: Devlin, 1972), 
Palatability of rapeseed meal has been indicated as a 
factor limiting the amount of rapeseed meal used in rations 
for ruminants (Bell and Devlin, 1972; Ingalls and Walden, 
£9712). 

Despite the unfavorable effects of glucosinolates, 
rapeseed meal has been recommended for use in feeding 
rations of poultry, swine and ruminants (e.g. Robblee, 
1965; Clandinin et al.,1972a; Bowland and Bell, 1972; Bell 
and Devlin, 1972; Meyer, 1975). Depending on the type, 
stage or condition of the animals, 3 to 20% of rapeseed 


meal were used in the feeding rations. 


e) Glucosinolates 


The chemical nature of glucosinolates has long been 
the subject of the investigations of many workers, but 
significant progress only began subsequent to the studies by 


Kjaer et al. in 1953. Using paper chromatography, Kjaer and 
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Jensen (1956) detected six glucosinolates in B. napus L.: 
progoitrin (major), gluconapin (major), Hiniednr daaacantreitn 
(major), Ssinalbin (minor), and both tentatively identified 
glucocoiberin (minor), and gluconasturitium (minor). 

These constituents, when hydrolysed by myrosinase 
(thioglucosidase), gave rise, respectively, to (L)-5-2- 
vinyl-oxazolidinethione (non volatile), 3-butenyl isothio- 
cyanate (volatile), 4-pentenyl isothiocyanate (volatile), 
p-OH-benzyl isothiocyanate (volatile), 3-methyl sulfinyl 
propyl isothiocyanate (non volatile), and 2-phenyl ethyl 
isothiocyanate (volatile). 

The isothiocyanates have a considerably lower 
goitrogenic activity than oxazolidinethione (Fertman and 
Curtis, 1951; Gmelin and Virtanen, 1960), and they can be 
transformed into thiocyanates (Ettlinger and Lunden, 1957), 
which are also characterized by weaker goitrogenic activity 
(Fertman and Curtis, 1951; Gmelin and Virtanen, 1960). 
Other "résearchers (Bell, 1957a; Bell and Baker, 1957; 
Bebzileret al, '1963)ereported that both isothiocyanates 
and oxazolidinethione have roughly equal effects on growth 
rate, however, males were affected more severely than 
females. Bell and Belzile (1965) suggested that the only 
isothiocyanates which have significant antithyroid activity 


are those capable of cyclizing to form oxazolidinethione. 
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The action of isothiocyanates and thiocyanates is 
Similar. They prevent the uptake of iodine by the thacotd 
gland and release its accumulated iodine. In this manner 
they block the first phase of the biosyntheses of thyroid 
hormones, however, they do not affect the thyroid gland 
mechanisms. The goitrogenic effect of these compounds can 
be overcome by the addition of iodine to the ration 
(Rutkowski, 1971). 

Oxazolidinethione and nitriles are formed from 
glucosinolates, progoitrin or epi-progoitrin, which, on 
hydrolysis by myrosinase (thioglucosidase) gives rise to 
2-hydroxy-3-butenyl-isothiocyanate. This in turn cyclized 
to L-5-vinyl-2-oxazolidinethione, a compound of high 
antithyroidal activity (Kjaer et al., 1959; Astwood et al., 
1949). Recently, Van Etten et al. (1966, 1969a) showed 
that, when rapeseed meals were allowed to autolyze, the 
hydrolysis products included nitriles. Earlier studies 
have shown that nitriles have toxic effect on mammals 
(Virtanen, 1965; Tookey et al., 1965). This toxic effect 
was greater than that of the oxazolidinethione (Van Etten 
eti-al.7;-1969b).. 

The mechanism of goitrin influence on the thyroid 
gland is not fully understood, however, it is known that 
it blocks the irreversible mechanism connected with the 


organic binding of iodine in the thyroid, and, thus, 
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induces a partial suppression of tiroksine synthesis 
(Rutkowski, 1971). The decrease of tiroksine in blood, 
which results from this partial suppression, stimulates 
the hypophysis to secrete excessive amount of thyrotropine 
which affects the thyroid gland by stimulating its growth 
(Clandinin and Tajcnar, 1961). The goiter caused by these 
compounds cannot be alleviated by increasing the iodine 
intake, so damage can occur when rapeseed meal is used in 
feeding of non-ruminants (Rutkowski, 1971). 

Glucosinolates are diffusely distributed in paren- 
chymal tissues of the seed (Guignard, 1890). Myrosinase, 
Cceychnioglucosidase glycohydrase (EC) 3. 2:.3. Il); is located 
in special cells called idioblasts (Guignard, 1890; Kjaer, 
HO50) The destruction of the cellular structure: allows 
the glucosinolates to come into contact with myrosinase. 
With sufficient moisture, this enzyme hydrolyzes the 
glucosinolates, liberating glucose, bisulphate and bio- 
logically active compounds ('mustard oil‘) which are div- 
ided into three groups: goitrin and related nitriles; 
organic isothiocyanates; inorganic thiocyanate (Rutkowski, 
hO7l: “Josefsson, 1972). 

After the establishment of the general structure 
of the glucosinolates, and particularly sinigrin, Ettlinger 
and Lunden (1957) revised the proposed mechanism of the 


hydrolysis of glucosinolates (Fig. 1). As found in 
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Thioglucosidase 


(slag): NEMO! Ho am + Glucose 
/ 6a 1in5 2 
RC. = jp lptange een ac Mal ke 
‘n-0-S0,0 K \w- | + KHSO, 
fring 
R-N=C=S R-C=N R-S-C=N 
isothiocyanate nitrile thiocyanate 
+ 
S 
Fig. 1. Reaction Mechanism of Myrosinase on 


Glucosinolates (Ettlinger and Lunden, 
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crushed mustard seed, moisture, temperature and time have 

a marked effect on the enzymatic hydrolysis of glucosino- 
lates. Hydrolysis proceeds rapidly above a .moisture 
content of 13%, and at temperatures from 40 - 72°C. Ata 
moisture level of 15.5% and temperature of 55°C, hydrolysis 
was over 90% complete within 1 min and 99% complete after 
me yming (Mustakas jet al., 1962). 

The content of glucosinolates in rapeseed meal 
primarily varies with variety, and environmental and pro- 
cessing conditions. The difference in glucosinolate con- 
tent with variety has been reported by many workers (e.g. 
Wetter and Craig, 1959; Appelqvist, 1962; Youngs et al., 
1972). In a more extensive study on the glucosinolate. 
content of rapeseed meals derived from some varieties of 
rape and turnip rape grown at various localities in 
Europe, Appleqvist and Josefsson (1967) and Josefsson and 
Applegqvist (1968) obtained the results shown in Table 5. 
Considerable differences were observed in the amount of 
glucosinolate between species, and between winter and 
summer types of the same species, with summer types con- 
taining less glucosinolates, 

The isothiocyanate content was similar for both 
B. napus L. and B. campestris L., but the oxazolidinethione 
content was higher in B. napus L. (Wetter and Craig, 1959; 


C¥andinin et al., 1959; Josefsson and Appelqvist, 1968; 
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Youngs et al., 1972). Within the B. napus L. species, 
plants of cultivar Bronowski contained the lowest amounts 
of glucosinolates, (0.18 - 0.64% of dry matter) (Josefsson 
and Appelqvist, 1968; Downey et al., 1969; Josefsson and 
Munck, 1973). However, this variety is not suitable for 
commercial production in Canada due to its long growing 
season and its lower yields of seed and oil (Finlayson 
Crpals., 19/3). A’ new varlety Of B. napus L., called 
"Tower", which contains ca. 0.15% glucosinolates, is sat- 
isfactory for the production in some areas of the prairies 
which have a long growing season (Radwan and Lu, 1976; 
Clandinin and Robblee, 1976). Selection within varieties 
Hono and Arlo of B. campestris L. resulted in isolation of 
plants with seeds free of OH-pentenyl isothiocyanate, or 
oxazolidinethione, or both (Downey et al., 1969). 

The environmental conditions under which the plants 
are grown can influence the glucosinolate contents of the 
seed. The addition of sulfur fertilizers caused an in- 
crease in the amounts of glucosinolates in the seed 
(Downey and Wetter, 1964; Josefsson and Appelqvist, 1968). 
However, the addition of large amounts of nitrogenous 


fertilizers caused a decrease in the glucosinolate content. 
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f) Detoxification of Rapeseed Meal 


After the extraction of rapeseed oil, the bulk of 
the glucosinolates remain in the meal (Youngs, 1965). 
Though glucosinolates are harmless (Belzile et al., 1963), 
they can be hydrolized to toxic products in the digestive 
tract by myrosinase or other enzymes which are in the food 
Or are produced by intestinal bacteria, especially E. coli 
and A. aerogenes (Greer, 1962; Bell and Belzile, 1965) or 
Paracolobactrum app. (Oginsky et al., 1965) Thus; it is 
important that these glucosinolates and their hydrolytic 
products be removed. Studies on the removal of glucosino- 
lates were carried out on both the rapeseed as well as the 


crambe seed (e.g. Mustakas et al., 1976; Sosulski, et al., 


| See i hr a 


i) Heat Treatments and Reactions with Salts and Other 
Compounds 

Different methods have been tried with varying de- 
gree of success, to remove the glucosinolates from the 
meal. These include: dry heating or toasting, autolysis 
and distillation, autoclaving and steam stripping, and 
treatments with chemical compounds plus heating. Glucos- 
inolates and their hydrolytic products are removed during 
heat treatments due both to their volatility and to their 


thermal destruction. Dry heating or toasting removed most 
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of glucosinolates (Rutkowski et al., 1966; Rutkowski and 
Kozlowska, 1969), but reduced the protein solubility 
(Rutkowski and Kozlowska, 1969), and available lysine 
(Josefsson, 1974). | 

Autolysis and distillation improved the quality 
of rapeseed meal, especially of B. campestris L. (Goering 
et al., 1960). Different amounts of glucosinolates were 
reported to have been removed by autoclaving and steam- 
Stripping, ;:(Belzile and Bell, 1963;| Belzile«et.al., 1963; 
Ballester et al., 1970b; Bock et al., 1974). This pro- 
cedure caused a gradual deterioration of protein quality 
with the time of treatment. In éddition, the nitrile 
contents of crambe seed meal was increased (Mustakas 
meals, 976)". 

Treatment of crambe seed meal with ammonia and 
heat, or sodium carbonate under pressure effectively 
destroyed glucosinolates, however, the resulting meal 
caused palatability problems (Kirk et al., 1965; Mustakas 
et al., 1968). Certain metallic salts, especially ferrous 
sulfate, when added to rapeseed and crambe seed meals, 
caused decomposition of glucosinolates to nitriles, which 
could then be removed by steam stripping (Youngs, 1967; 
Sallans et al., 1967; Youngs and Perlin, 1967; Austin et al., 
1968). However, a decomposition product of oxazolidine- 


thione, a hydroxynitrile (1l-cyano-2-hydroxy-3-butene), which 
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is toxic to animals, was only slightly steam volatile and 
it remained in the meals. 

Glucosinolates in rapeseed flour can be eliminated 
by heating in the presence of sodium metabisulfite as a 
catalyst (Lanzani et al., 1974). Treatment with H,0, low- 
ered the glucosinolate content of the flour but was not 
as BEreative as*watervextraction (Anderson GE ale, =1975)% 
Also, the H,0, treatment caused the oxidation of methionine 


to its sulfoxide and sulfone, and cysteine to cysteic 


acid. 


ii) Extraction of Glucosinolates 


Toxic constituents can be extracted either from 
ground or intact rapeseed before oil extraction, or from 
the meals. The extraction procedure is based on the prin- 
ciple that glucosinolates and their hydrolytic products, 
isothiocyanates and oxazolidinethione, are soluble in 
polar solvents (Tookey et al., 1965; Sosulski et al., 1972). 
However, glucosinolates are more soluble in water than 
isothiocyanates or oxazolidinethione (Belzile and Bell, 
1966). 

Various extracting solvents have been used, such 
as isopropanol, ethanol, or acetone, or their aqueous mix- 


tures, ether, buffer solutions, or water. Using organic 
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solvents and their aqueous mixtures, different amounts of 
glucosinolates were extracted by various workers (Van Etten 
et al., 1965; Bell, 1957b; Tookey et al., 1965; Afzalpurkar 
et al., 1974; Mukherjee, 1975). Aqueous acetone was the 
most effective for removal of glucosinolates (Afzalpurkar 
et al., 1974). Increasing the water content enhanced hed 
Per action of glucosinolates. When buffer solutions were 
used most of the glucosinolates were extracted from 
enzyme-deactivated meal, however, there was considerable 
lysine destruction (Szewczuk et al, 1969). 

The extraction of glucosinolates from the meal by 
water aiso occurred with varying degrees of success (Bell, 
1957b; Grussendorf, 1953; Allen and Dow, 1952; Belzile 
ebealynapb9637| Ballestencetxal ay:.1970btand (1973; Kozlowska 
et al., 1972a; Eklund and Agren, 1974; Mustakas et al., 
1976.);< The most recent work showed that practically all 
glucosinolates could be removed. 

Extraction of the glucosinolates from the meal 
results in high losses of dry matter, soluble carbohydrates 
and meal nitrogen. The loss of dry matter can be reduced 
by adjusting the pH to 3.5-4.5 or 8-9 during aqueous 
methanol or aqueous acetone extraction (Van Etten et al., 
1965), or by lowering the moisture content of acetone 
(Tookey et al., 1974). Other disadvantages of meal ex- 


traction methods are the long extraction period (15 h) 
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(Ballester et al., 1970b; Kozlowska et al., 1972) slow 
drying of the meal slurry, and the dark appearance of 

the product (Kozlowska et al., 1972a). However, the time 
of extraction could be shortened to 2 h for aqueous NaCl 
extraction (Owen et al., 1971) and continuous water ex- 
peecc2on (Ballester et al., 1973). 

Rapeseed protein isolates, which were prepared by 
extracting the proteins from the meals with aqueous NaOH 
or salt solutions and precipitating them at isoelectric 
points, contained at most traces of glucosinolates (e.g. 
Sbetkn 4et al.,. 1968; Sarwar et al., 1973; Thompson et al., 
oO). 

Glucosinolates can be extracted from ground or in- 
tact rapeseed before the extraction of oil. Extractions 
by water of glucosinolates from enzyme-deactivated ground 
rapeseed were carried out by Eapen et al., (1969), Tape 
eueae. (19/70), KOzlowska et al- (2972a)., Ohison. (1973), 
Anjou and Fecske (1974) and Mukherjee (1975). Practically 
all the glucosinolates could be removed from the ground 
rapeseed. In general, the extraction of glucosinolates 
from ground rapeseed also resulted in high losses of dry 
matter, carbohydrates, nitrogen and Olle aadaLe1on, 
drying of the wet slurry and recovery of extracted solids 


would increase the costs of the process. 
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Work on extraction of glucosinolates from intact 
rapeseed was carried out to overcome the high loss of 
material and the difficulty of drying the wet slurry 
(Sosulski et al., 1972; Kozlowska et al., 1972a and 1974; 


Sosulski, 1974). Boiling the seed before diffusion ex- 


traction, or the use of high temperatures or highly alk- 


aline solvents were effective in controlling the myrosinase 


activity and sulfur levels in oils. The extraction of 
glucosinolates was enhanced by frequent use of fresh sol- 
vent, high temperature, high water-to-seed ratio, a 
neutral to alkaline aqueous medium, and by dehulling of 
the seed. Practically all glucosinolates could be ex- 
tracted from the seed using this method. The disadvant- 
ages of the diffusion extraction method were the long 
extraction times and the large volume of water utilized 


for the process. The use of ethanol in the solvent, in 


addition to increasing cost, reduced the protein solubility. 


iii) Biological Detoxification and Removal of Glucosin- 


Olates by Plant Breeding. 


Biological methods of detoxification of rapeseed 
meal by Geotrichum candidum (Staron, 1970 and 1974) and . 
lactic acid bacteria (Kozlowska et al., 1972b) have been 
reported. Glucosinolate contents were effectively reduced 
during fermentation. The removal of glucosinolates by 


plant breeding was previously mentioned in Section B5e. 
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C. Statement of Objectives and Definition of Terms 


From the literature survey, it is apparent that 
the present conventional methods of rapeseed oil extrac- 
tion have a number of disadvantages, such as the danger 
of explosion and fire hazard, loss of solvent, and causing 
damage to the quality of rapeseed protein which is one of 
the best vegetable proteins. Further, there is no prov- 
ision in the processing steps for the removal of glucosin- 


Olates and their hydrolytic products, isothiocyanates and 


Oxazolidinethione. In addition, the rapeseed oil extracted 


by these methods contained a high level of sulfur which 
can poison the nickel catalyst during the hydrogenation 
process, causing an increase in the cost of this process. 
Most of these problems could be solved if the rapeseed 
oil is extracted by aqueous method. 

The general objective of this study is to examine 
the feasibility of aqueous extraction of rapeseed oil 
under laboratory conditions. In particular the objectives 
of this study are 

1) to establish the steps and the parameters of the 
process for the optimum oil yield 

2) to investigate the quality of the oil extracted 
by the aqueous process 


3) to investigate the quality of the meal, especially 


the protein. The solubility and the amino acid 
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composition of the protein are to be studied. It 

is also important to know the amounts of glucosin= 

Olates extracted simultaneously during the process 
4) to minimize the problems of whey (aqueous fraction) 


which are associated with this process. 


A number of terms will be used in the text. In 
order to avoid confusion and to have a better understanding 


of these terms, it is necessary to define them here. 


Industrial crude oil is the crude oil obtained from Canbra 
Food Co. Lethbridge, Alberta. The oil was extracted 
by prepress-solvent method from B. campestris L. var. 


Span. 


Aqueous extracted crude oil refers to the oil which was 
extracted at optimum conditions by the aqueous extrac- 


tion process established in this study. 


Soxhlet extracted crude oil is the oil obtained by soxhlet 


extraction method using petroleum ether (b.p. 30-60°C). 


Residual oil refers to the oil which was left in the meal 


and extracted by the soxhlet method. 


Oil fraction is the oil obtained after the first centrifug- 
ation step of aqueous oil extraction. This oil is com- 


prised of oil in the form of an emulsion and free oil. 
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Free oil refers to the oil obtained after the first cent- 
rifugation step of aqueous oil extraction. This oil 


is not in the form of an emulsion. 


Liquid fraction (whey) refers to the supernatant water 
after the first centrifugation step of aqueous oil 


extraction. 


Solid fraction is the rapeseed particles which settled at 
the bottom of the tube after the centrifugation steps 


of aqueous oil extraction. 


Aqueous extracted meal refers to the solid fraction ob- 
tained after the first centrifugation step of aqueous 
Oil extraction. This solid fraction was dried either 


in an oven at 105°C or by freeze-drying. 


Industrial extracted meal is the meal obtained from 
Canbra Food Co. Lethbridge, Alberta. It is the solid 
residue left after prepress solvent extraction of oil 


from B. campestris L. var. Span. 


Soxhlet extracted meal refers to solid residue left after 


oil extraction by the soxhlet method. 
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II. MATERIALS AND METHODS 


l. Materials 


The rapeseed, Brassica campestris L. var. Echo; 


was obtained from the Alberta Wheat Pool and was stored 

in a cold room at 5°C for 5 years. The seed contained 
9.6% moisture, 20.0% protein, and 42.6% oil. The viabil- 
tiy of the seed determined by a germination test was 45%. 
This rapeseed was the major source of material for this 
Study. It was used largely in the study of the process 
parameters for aqueous extraction of rapeseed oil, and 
effect of the process on the quality of the aqueous 
extracted crude oil and the quality of the protein in the 
aqueous extracted meal. Although this rapeseed sample had 
been stored for sometime, it was used for this study be- 
Cause it was readily available. The long storage conditions 
may not affect the aqueous extraction process, however, 
they did influence the quality of the oil. 

Although most of the study was done with the 
rapeseed variety Echo, it was considered appropriate to 
employ a fresh rapeseed variety which was currently used 
in the industrial process. Two rapeseed varieties, Span 
and Torch, as well as industrial crude oil and industrial 
extracted meal were obtained from Canbra Food Co. Leth- 


bridge, Alberta. Span seed contained 9.5% moisture, 18.6% 
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protein, and 46.2% oil. Torch seed contained 6.4% mois- 
ture, 18.9% protein, and 46.3% oil. The viabilities of 
both Span and Torch seeds were ca. 99%. The aqueous ex- 
traction process steps established with variety Echo were 
applied to the two fresh rapeseed samples. These two 
rapeseed varieties were also used to study the effect 

of dry heating of rapeseed before the oil extraction, on 
the quality of the aqueous extracted crude oil. The 
quality of the meals from these two varieties, was also 
ecudted. The industrial crude oil and industrial ex- 
tracted meal were used for quality comparison with the 
crude oils and meals obtained by the aqueous extraction 
method. 

Et is mecessary. to explain the situation relating 
to the supply of the fresh rapeseed samples. The first 
shipment of rapeseed from Canbra Food Co. was the variety 
Span. However, when a second shipment of the same rape- 
seed variety was requested from the company, the rapeseed 
from this shipment was the variety Torch. Hence, the two 
varieties were used in conjunction with each other in the 


Scudy on the quality of the oil. 
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2. Aqueous Extraction Procedure 


The general laboratory procedure for the aqueous 
extraction of rapeseed oil is schematically shown in 
Fig. 2. This procedure was the result of preliminary 
Studies using B. campestris L. var. Echo on various pro- 
cess parameters with the aim of maximizing of the oil 


yield. 


a) Grinding 


The rapeseed was first ground dry in a rotating- 
disc type Quaker City Mill (Model 4 - 5, Straub Co., 
Philadelphia, Pa.). Grinding was the first step in break- 
ing up the cells for the release of oil. It was observed 
that the finer this initial grinding, the better the oil 
yield. However, the rapeseed became more sticky, more 


heat was generated in the grinder and the overall oper- 


ation was slow. It was also found that the grinding oper- 
ation was faster and the rapeseed particles were less 


sticky, if the moisture content of the rapeseed was low. 


b) Boiling 


The finely ground rapeseed was added slowly with 


stirring to boiling water and boiled for 5 min. Unlike 


in the aqueous extraction of coconut, peanut and sunflower 
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Grinding 


u 


Boiling 


| 


pH Adjustment 


! 


Regrinding and Blending 


| 


Stirring and Centrifugation — Solid Fraction 


Oil Fraction | 
Demulsification —» Solid Fraction 


! 


Oil 


Fig..2. General Flow Diagram of the Aqueous 
Rapeseed Oil Extraction 


a rote i ae 


seed oils recently carried out at Texas A & M University 
(e.g. Hagenmaier ec al., 1972; Rhee et al., 1972; Hagen- 
maier, 1974), boiling was a necessary step in aqueous 
extraction of rapeseed oil for deactivation of myrosinase 
(to be discussed). Furthermore, boiling helps the break- 
ing down of the cells (to be discussed). The ground rape- 
seed was added slowly with stirring in order to avoid 
localized spots of low temperature which could cause a 
high activity of myrosinase and so result in a high sul- 
Pur content in the oil. It is important that the amount 
of water used in boiling be measured so that the solid-to- 
water (s/w) ratio is optimum. During these processing 
steps, especially boiling and blending, some water was 
lost via evaporation. When possible, the container was 


covered with aluminum foil to minimize this loss. Under 


these conditions, 160 - 180 ml of water was lost before the 


Material was stirred. Thus, that amount of water had to 
be added in addition to the 1:3. s/w ratio (for Echo Vitor 
iety) in order to obtain the optimum s/w ratio during 


Stirring (to be discussed). 


c) pH Adjustment 


After cooling, the slurry was adjusted with NaOH 


PoOmeGtone you. 0.1 from 1ts original. pH O£f)5.2 2.0. Ee the 
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adjustment of pH was made at this stage in order to 
counteract the buffering capacity of rapeseed slurry, thus 
Minimizing the time for final pH adjustment, and giving a 
more stable pH, a critical factor in obtaining maximum 
yield (to be discussed). Furthermore, it gave a better 

pH environment for the extraction of oil during the second 
grinding and blending operations. The pH after blending 


was normally 6.5 + 0.3. 


ad) Regrinding and Blending 


The slurry was reground four times into a very fine 
Slurry in the mill mentioned above, and then blended ina 
Waring blender at very high speed. These two steps were 
necessary to cause further breakdown of the een This 
second grinding operation was not required if the rapeseed 


Was initially ground to very fine particles. 


e) Stirring and Centrifugation 


After blending, 100 ml of the slurry was stirred 
in a 500 ml conical flask fitted with a condensor, and 
held in a water bath. The condensor was needed to maintain 
the s/w ratio during stirring. The stirred slurry was 


centrifuged for 10 min in a Servall Superspeed Centrifuge 


Pivyan Servatl, Inc. Conn.) - 
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£) Demulsification 


The oil fraction obtained from centrifugation was 
Pecentrituged at 9,000 rom for 10 min. The free 611 was 
pipetted out and the compact mass of emulsion was frozen, 
then thawed in an oven at 90°C, and centrifuged into 
Or, liguid and solTd fractions. This freeze — thaw step, 
essentially according to Gunetileke and Laurentius (1974), 
was included as a convenient way of breaking the emulsion 
under our conditions. Alternative emulsion breaking 
steps such as the use of a high velocity pump for phase 
inversion by shear (Hagenmaier et al., 1972) were not 


investigated. 


ayuenrne Yieid 


The solid fraction from the first centrifugation 
Step was dried in the oven at 105°C, ground and redried to 
emcenstant weight. The oil content of Che aqueous ex— 
tracted meal was determined by the Soxhlet extraction 
method and used in calculating the oil yield by a simple 


mass balance. 


Calculation: 


Total o1l in. mealw=_xX) x Y/L00=7 = AzcolsorL 
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where; Z percent oil in rapeseed (on a dry basis) 


bd. 
il 


100 - Z, percent non fat solid 


Y = percent residual oil in the meal 


The yield obtained from this laboratory process 
was not equal to the overall theoretical yield because 
some of the rapeseed material left on the grinder, 
blender, boiling container and flask, and some lipid 


(0.2%) in the liquid fraction were not taken into account. 


Also, the small amount of solid fraction after the demulsi- 


fication step was not added to the aqueous extracted meal 
for soxhlet extraction. However, all of these losses 


Might be recovered, if desired. 
3. Analyses of Crude Oils 


a) Determination of Sulfur 


“The sulfur content of the oil was determined using 
the method of Sosulski (1975) modified as follows: 0.5 to 
5 ml (depending on sulfur content) of rapeseed oil was 
reacted with 25 ml glacial acetic acid and 1.2 g magnesium 
turnings in a 250 ml flat-bottom flask fitted with a 
condenser. A dry lead acetate paper was placed on the top 
of the condenser with the help of a rubber ring and steel 


rim before the reaction took place. The flask was fitted 
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with a special tube to bubble nitrogen through the react- 
ing Mixture. The reaction was stopped after 30 min. 
After rinsing with distilled water the lead acetate paper 
was dried in a dark room. The sulfur content was deter- 
mined by comparing the intensity of the dark color with 
standards (0 to 12 ppm) prepared by identical procedure 


using 5 ml of standard solutions of NaS in 0.1 N NaoH 


2 
The lead acetate paper was made from Whatman student grade 
filter paper dipped in saturated lead acetate solution 


and dried. 


b) Determination of Phospholipids 


The phospholipids were obtained by microdetermina- 
tion of phosphorus (Morrison, 1964) and multiplying by a 
factor of 25 (Persmark, 1972b). A drop of rapeseed oil 
was weighed (0.010 - 0.015 g) and heated with 0.3 ml of 
conc. H,SO, in a graduated tube containing a glass bead 
for 30 min. Three drops of hydrogen peroxide were added 
to the tube which was then reheated until the solution 
turned clear. The tube was boiled for another 1 min and 
allowed to cool. The wall of the tube was washed and the 
solution was diluted to ca. 4 ml with distilled water. 


0.1 ml of 33% (w/v) sodium sulfite, 1.0 ml of 2% (w/v) am- 


monium molybdate solution and 0.01 g ascorbic acid were 
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added sequentially to the tube. After each addition, the 
tube was shaken to facilitate mixing. The tube was heated 
in boiling water for 10 min and cooled. The volume of the 
solution was adjusted to 8.3 ml with distilled water and 
the optical density was read at 822 mu against water. The 
average optical density of several blanks was subtracted 
from that of the solution and the amount of phosphorus 

was determined from a standard curve prepared from stand- 


ard phosphorus solution using NaH.PO,+2H.0. 


2 4 2 


c) Determination of Free Fatty Acids 


The free fatty acid contents were determined as 
Mesecriped. in A.OsA.C. (1975). fhe o11”~ (7705: g)” ain’ neut- 
Batazea alcohol (50 ml) was titrated with 0.25 N’ NaOH 
while vigorously shaking the flask until a permanent 
faint pink color of phenolphthalein indicator persisted 
for 1 min. The volume of 0.25 NaOH used corresponds to 


percent free fatty acids expressed as oleic acid. 


dad) Determination of Peroxide Values 


The peroxide values of the oils were determined 
according to A.O.A.¢. (1975). The I, liberated from the 
reaction of saturated KI solution (0.5 ml) and the oil 


(5.00 + 0.05 g) in 3:2 v/v acetic acid - chloroform 
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solution was titrated with 0.01 N Na,S,0, solution while 
vigorously shaking the flask, until ‘the binescolersot 


starch indicator just disappeared. 


Peroxide value (milliequivalent peroxide/kg sample) 
= S x N x 100/g sample. 
Where, S = ml of Na,S,0, (blank corrected) 


N = normality of Na,S,0, ‘ 


e) Determination of Unsaponifiable Matter 


The unsaponifiable matter was determined accord- 
ing to A.O.C.S. (1974). The unsaponifiable compounds re- 
maining after the saponification of oil (2.0g) by 50% 
eoucous KOH solution (1.5 ml).in alcohol (25 ml), )wexe 
extracted with ethyl ether. After washing, drying and 


weighing, the residue was titrated with 0.02 N NaOH. 


Unsaponifiable matter (%) 


_ 100(wt. of residue-wt. of fatty acid-wt. of blank) 
iy wt. of sample 
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£) Determination of Moisture and Volatile Matter 


The amounts of moisture and volatile matter of the 
oil were determined according to A.0.A.C. (1975). The oil 
(5 + 0.2 g) was dried to a constant weight at room temper- 
ature and a pressure of less than 100 mm Hg in a vacuum 
oven. The loss in weight was reported as weight of mois- 


ture and volatile matter. 


4, Analyses of Meal 


a) Determination of Nitrogen 


The N contents of the meals were determined by two 
methods, the microkjeldahl, and the ammonium electrode. 
The ammonium electrode method was used to determine the N 


in the solution obtained from the experiments which were 


conducted on the extractability of meal protein in relation 


to pH and temperature. Since there were many samples from 
these experiments, the ammonium electrode method was used 
as it is faster than the microkjeldahl. Analyses of the 
two procedures showed that the results were comparable. 
All other N determinations were conducted by the microk- 
jeldahl procedure. The percentage of crude protein was 


calculated by using a factor of 6.25. 
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The microkjeldahl method was according to the 
A.O.A.C. (1975). The sample was digested to a clear sol- 
ution by concentrated H5SO, (2.0 ml), with potassium 
sulfate and mercuric oxide as catalysts. A modified 
Parnas-Wagner distillation apparatus was used for steam 
generation and distillation. The titration of distillate 
was made with 0.02 N HCl until the first appearance of 
the violet color of the methyl red - methylene blue 
indicator. 

In the ammonium electrode method the digestion of 
the sample was conducted in a similar manner to the 
Microkjeldahl method. After the digestion step, the cooled 
content of the flask and 5 - 6 washings with distilled 
water were transfered to a 250 ml volumetric flask. A 
solution of 10 M NaOH and 2 M NaI (6.3 ml) was added, 
both to bring ithe i pHrtorthesrange of-11.-to-13, and to 
complex mercury. The solution was brought up to volume 
with distilled water and allowed to cool to room temper- 
ature. 100 ml of the solution was transferred to a 
beaker, stirred gently with a magnetic Stirrer to avola 
vortexing and the ammonium electrode tip was immersed in 
the solution. When equilibrium had been reached (ca. 3 
min), the reading was taken on the expended scale of the 
millivolt range of a Fisher Accumet pH Meter (Research 


Model 320). Then 10 ml of standard ammonium chloride 
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solution (1 to 10 ppm depending on ammonia concentration 
of the solution) was added to the solution. sAttLer cquil— 
ibrium was reached the new reading was noted. Using the 
difference in the two readings the concentration of N can 


be calculated using tables provided by Orion Research Inc. 


b) Determination of Crude Fiber 


The determination of crude fiber of the meal was 
conducted according to the A.O.C.S. (1974). The meal 
sample (2g) together with ca. lg of acid washed asbestos 
was digested with boiling 1.25% H,SO, (200 ml) and then 
boiling 1.25% NaOH. The difference in weight of the dried 
residue before and after incineration at 600 + 15°C for 


30 min gave the amount of crude fiber 


% crude fiber in meal = {A ~ 8) 400 


where, A = the loss in weight from incineration 


B the loss in weight from asbestos blank 


W weight of sample 


c) Determination of Total Ash 


The amount of total ash in the meal was determined 
@ecording to the A.O.C.S. (1974). . The sample (5g) was 


incinerated at 600 + 15°C to a constant weight. 
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ad) Determination of Oil Content 


The oil content of the meal was determined by 
extracting the meal in a soxhlet apparatus using petroleum 


eener (b-p. 30°°- 60°C) for’ 8 h or overnight, 


eye The Determination of Solubility Characteristics of Meal 


Protein 


The solubility characteristics of the meal protein 
were determined according to Lund and Sandstrom (1943). 
The meal (2.0g) was successively extracted with distilled 
water, 5% sodium chloride, 70% ethanol and 0.2% sodium 
hydroxide. All the extractions were carried out at room 
temperature except the ethanol extraction which was con- 
ducted in a water bath at 65°C. The sample was extracted 
mee) ml of the solvent for 20 min, centrifuged at 1,200 
hea.) Or, -L5) min, ‘andthe ohio oeitetnerte was decanted. Three 
successive extractions were made with each solvent, yen 
the supernatant was combined and weighed. The residue was 
dried aa denduda: Nitrogen determinations were conducted 
on the supernatants and the dried residue. The proportion 
of nitrogen extracted by each solvent was then calculated 


on the basis of the total nitrogen recovered. 
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£) The extraction of Meal Protein in Relation to pH and 
Temperature 


The extraction of N compounds of the meal in 
aqueous solutions was determined according to Korolczuk 
and Rutkowski (1971). The freeze-dried meal (5.0g) was 
mixed with 100 ml of distilled water and the mixture was 
adjusted to various pH with concentrated NaOH or HCl. 

It was then transferred to a flat bottom flask, which was 
fitted with a reflux condenser and placed in a water bath. 
The N of the meal was extracted with continuous stirring 
Bore 30 min at 24,°60, 70 and 80°C. After codling under 


tap water the mixture was centrifuged at 2,000 rpm (480 x g) 


for 20 min. The N in the supernatant was determined. 


g) Determination of Amino Acids 


The chromatographic analysis of amino acids was 
Carried out in the Department of Biochemistry on a Durrum 
500 Amino Acid Analyser (Durrum Instrument Corporation, 
Palo Alto, Ca.) using a column 50 cm long and 1.75 mm in 
diameter packed with 8 + 2 micron Durrum type 6A resin 
which was 8% cross-linked. The analytical procedure was 
conducted as follows: The column was operated under a 
back pressure of 2,500 p.s.i., with a buffer flow rate of 


10 ml/h. The sodium acetate - sodium chloride buffer 
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systems were at pH 3.25, 4.25 and 7.90 and were run 

for 51.37, 16.39 and 45.44 min respectively. Ninhydrin 
reagent for the color development with amino acids was 
prepared by dissolving 40.0g ninhydrin and 1.25g hydrindan- 
tin in 2 liters of a solvent consisting of 75% dimethyl 
sulfoxide and 25% 4M sodium acetate (pH 5.2). 

The samples for chromatographic analysis of amino 
acids were prepared in the following manner: The rapeseed 
Beat=(1.54toe3.0mg),or, the -Liquid-fraction;) (0.1: mb) «was 
puarolyzed withels«ml-of .6NeHClyat<105°Csfor\22ch ingan 
evacuated sealed glass tube. The hydrolysate was evap- 
Orated to dryness in a vacuum dessicator in the presence 
of NaOH pellets. The dried hydrolysate was dissolved in 
O65 to.2:5,ml,..0of sodium, citrate buffer,of pH 242, \and 


0.04 ml of this solution was used for the determination. 


h) Determination of Isothiocyanates and Oxazolidinethione 


The determination of isothiocyanates and oxazoli- 
dinethione was carried out at the Department of Plant 
Science using a procedure which was essentially that 
described by Youngs and Wetter (1967). Myrosinase solu- 
fon (100 wl) was added to a vial containing 10 to 15 mg 


dried rapeseed meal which became thoroughly wetted after 
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1-5 min. Myrosinase solution was made up of: 3>mg 
myrosinase/ml of distilled water at pH 7.0 or citrate 
buffer at pH 7.0. One glass bead and 2.0 ml of internal 
Standard solution were added into the vial which was then 
Gapped and shaked for 1h. The internal standard solution 
was made up of 4 ul n-butyl isothiocyanate and 4 ul 
methyl myristate/100 ml methylene chloride. 

In determining isothiocyanates 3 ul portions of 
solution were injected into two gas-liquid chromatographs, 
one at lower temperature and the other at higher tempera- 
ture. The low-temperature chromatography conducted was 
for determining butenyl isothiocyanate and pentenyl 
isothiocyanate while the high-temperature chromatograph 
run was for methylthiobutyl isothiocyanate, phenylethyl 
isothiocyanate, and methythiopentyl isothiocyanate. The 
lower-temperature run was performed on a Varian Aerograph 
Bemies 1200, at these conditions:. injection, port temp- 
erature 140°C; oven temperature 110°C; detector temperature 
160°C; column, 4% Carbowax 400 on chromasorb G 60/70 in 
3/16 in. x 4 ft. stainless steel tubing; gas flow rates: 
aio 200 mi/min, Ha 60 ml/min and N. 60 ml/min. The high- 
temperature run was carried out on a Hewlett Packard, 

5750 Research Chromatograph at these conditions: injec- 
tion port temperature 230°C; oven temperature 210°C; 


detector temperature 260°C; column, 10% FFAP on chromasorb 
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W 60/70 in 3/16 in. x 4 ft. stainless steel tubing; and 
gas flow rates were as above. The run was completed in 
So min. 

To determine oxazolidinethione, 50 ml of the 
methylene chloride solution from the vial was added to 
Pmcest tube containing 3-ml of 95% alcohol. The tube was 
stoppered with a "Nalgene" stopper and allowed to stand 
Overnight (or a minimum of 4h). The optical densities 
wero, 245 and’ 255 mu were obtained on a Unicam SP 1800, 
Ultraviolet Spectrophotometer. The blank consisted of 


3 ml of 95% alcohol and 50 ul of methylene chloride. 


Calculation 
Low Temperature Isothiocyanates 


The peak areas of internal standard (Ma), butenyl 
isothiocyanate (Ba) and pentenyl isothiocyanate (Pa) were 
determined. The areas were corrected by molecular weight 
Courection “factors: 

Mag xe = Mac 
Ba ‘x l.a i "="Bac 
Pa x 1.00 = Pac 


The amount of standard used was 80.0 ug. Then 


aoe = F (ug isothiocyanate/unit area) 
ac 
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e.g. F x Bac=ug butenyl isothiocyanate. 


; ug butenyl isothiocyanate _ : = 
Then: sample wt in mg mg butenyl isothiocyan 


ate/g of meal 
Similar steps were used to calculate high temper- 
ature isothiocyanates, however, the molecular weight cor- 
rection factors were as follows: internal standard, 1.00; 
methylthiobutyl isothiocyanate, 1.86; phenylethyl isothio- 


cyanate, 1.19; and methylthiopentyl isothiocyanate, 1.69. 


Oxazolidinethione 


OD: +020. 
235 255, _ 
O.D-o45 emcee sr are C.0O.D. (Corrected O.D.) 
—€-0-D.- x 1764-0 9 _ ng ozt./g of meal. 


wt. of sample in mg 


This was corrected for the interference of isothiocyanates 


mg OZT./g of meal - (total isothiocyanates in mg/g 


of meal x 0.1) = Actual mg OZT./g of meal. 


Extraction of myrosinase. 


The preparation of myrosinase solution was made 
with yellow mustard (B. hirta) seed because this seed 


contains a high concentration of myrosinase. The mustard 
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seed (100g) was defatted with acetone; dried, and ex- 
tracted twice with 300 ml of water. The mixture was 
centrifuged and the supernatant was made up to a 30% ace- 
tone solution which was then centrifuged. The supernatant 
was brought up further to a 70% acetone solution, which 
was recentrifuged. The precipitate (myrosinase) was dis- 


solved in acetone and freeze dried. 


i) Determination of Total Lipid in the Aqueous Fraction 


The total lipid content in the aqueous fraction 
was determined according to Bligh and Dyer (1959). The 
sample (40g) was shaken with a chloroform:methanol 
(47 : 114 v/v) mixture in a separatory funnel. The bottom 
layer (chloroform) was transferred to a weighed flat 
bottom flask. When all chloroform was evaporated on a 
hot plate, the flask was heated in an oven at 1052C (Core 
constant weight. The difference in weight was taken as 


the amount of total lipid in the aqueous fraction. 
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III. RESULTS AND DISCUSSION 


ierreliminary Studies 


In the initial stages of this study, the work 
primarily involved the establishing of general processing 
Steps for the aqueous extraction of rapeseed oil (shown 
in Fig. 2). Some of the results of the preliminary 
studies have already been mentioned in "Aqueous Extraction 
Procedure", while the rest will be discussed here. 

The effect of boiling time was examined, and it 
was found that there was no difference in the 
amount of oil extracted when the ground rapeseed was boiled 
for either 5 or 60 min. Studies on the effect of blending 
and stirring showed that they do influence the oil yield. 
An experiment was carried out on the effect of the volume 
Of material stirred in the 500 ml flask upon’ the oil 
extraction. The results showed that volumes from 50 to 
250 ml had no significant effect on the amount of oil 
extracted. 

In one experiment, the temperature of the slurry 
was adjusted to various temperatures from 12 to 77°C be- 
fore it was centrifuged and it was found that there 
was no difference in the amount of oil extracted. 

However, in another experiment, there was slightly more 


oil remaining in the solid fraction when the initial 
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temperature of the slurry was at 87 + 1°C than there was 
at 5 + 1°C. This was probably due to coagulation of 
protein at high temperature, thus causing greater 
adsorption of oil on the solid particles. 

It was also observed that the volume of material 
centrifuged had no effect on the yield of oil. However, 
if the slurry was diluted before centrifugation, slightly 
less oil was extracted, and the greater the dilution, the 
lower the oil yeild. In one study, instead of the init- 
ial steps of grinding, boiling and regrinding before 
blending, whole rapeseed was boiled and then ground to a 
mine (slurry. Only’ ta.’ 65' to 80% ofoil”* could be extracted 
with this procedure. This indicated that boiling of 
ground rapeseed was necessary for further break down of 
the cells. Other process parameters, that were found to 
affect the oil yield were the subject of more detailed 


Study. 


2. Optimization of Process Parameters 


After establishing the general processing steps 
for the aqueous extraction method, the next step was to 
study the optimization of the process. The investigation 
included the effect of blending, stirring, and centrifu- 


gation. The effect of the degree of grinding was not 


studied because there was no provision in the grinder for 
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the control of the particle size. Initially a series of 
experiments were performed to obtain the approximate optimum 
condition of each parameter. During each experiment, one 
‘parameter was varied, while the remaining parameters were 
held at constant arbitrarily selected values. Consequently, 
the yields were generally low but these experiments did 


Provide the basis for further optimization studies. 


a) The Effect of Blending 


The effect of blending time upon the extraction 
Of o11 and free oil formation is shown in Fig. 4. In this 
experiment, the rapeseed material from a second grinding 
Wace Dlendea for, 0, 3, 5, 10, 15, 20 and 35°min an) a Waring 
blendor at a very high speed. The material was subsequently 
stirred and centrifuged at 9,000 rpm. The conditions of 
stirring were: temperature, 70 + °C; time, 1 h; solid-to- 
Water ratio (s/w), 1:3, and pH, 6.6 + 0.1. |The results in- 
dicate that the oil yield improved from ca. 65% without 
blending, to ca. 90% at 35 min of blending. SA significant 
increase in oil extracted was obtained from 0 (ca. 65%) to 
5 min (ca. 82%) of blending. However, the optimum time of 
blending seemed to be about 15 min when ca. 88% of the oil 
was extracted. Further blending from 15 to 35 min only 
increased the amount of oil extracted by ca. 2%. In this 


experiment, the blending step caused an increase of ca. 


25% in the oil yield compared to that without blending. 
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The amount of free oil obtained after the subsequent 
stirring and centrifugation decreased from ca. 91% without 
blending to ca. 71% after 35 min of blending (Fig. 4). The 
results also indicate that the decrease in the amount of 
free oil was greater within 10 min of blending. The de- 
crease was due to the fact that blending causes small oil 
droplets to form hence stabilizing the emulsion. Similarly, 
Rhee et al. (1972a) observed that blending peanut-in the 
presence of aqueous media prior to extraction resulted ina 
very stable emulsion. Blending was not used in aqueous 
extractions of coconut, peanut and sunflower seed oils 
(Hagenmaier et al.,.1972; Rhee et al., 1972a; Hagenmaier, 
1974). Although blending did give a more stable emulsion, 
it was a necessary processing step in this laboratory 
procedure. It is probable that blending caused a further 
disintegration of the individual cells. The necessity of 
blending in aqueous extraction of rapeseed oil could be due 
to the high amount of fiber in the seed and the rigidity of 


the cells, or to inadequate grinding process. 


bygetheshttectaofistinring 


Stirring is an important processing step for im- 
Proveng the o11 yield. “During stirring, three forces, 
centrifugal, shear and frictional, are probably involved 
in both the extraction and the demulsification of the oil. 
A number of parameters of the stirring procedure were 


investigated. These were the effects of solid-to-water 


Pa ice shady . pond 10 ago. 


a a bol ee 79 Lae ola. th 


ae v "Me nag 

i bs 7 
» wy pee IM wee r 
q id y' A + " ” ae 


af 
i. Abel 
{ * i) ee 
i é ; port Reet sat a . 
2 = 
i, a ii a 
i 7” 
’ an, Oe, ; 
adh a9 bt eu Ta A 
+ / . . i 
e ar eta } 
4 , on Pir? eur Ave ry’ 
ee SPS s y 
# —_ 
- 
* 5 phe ai 
~~ ‘ ae * > 
’ ; Ac PelIaA 4 = "9 
m Ag Ly 
i : 
: ior ¢ “, * 
fi ‘ " 4 ‘ ee ay 
} a a 
% 
2 * Pit f M4 bec 
1 
_ +; 


{ . 
# eg ; 
Ee ¥ ewe nl 
tay PRE URL eMiote Aeon 
7 T 
“ q a 0, a : 
oA : - Pin e4 polit bv | ah ¥ 
; ". fice | nike! Oa SLORGOLG bt a4 y 
4 { 2 \ gel A 
> “ Lins a : 
4 4 a. ) a wr al ¥ x : A, Dieu «x ; a i128 
= s ' 
oe é r ' 


i~ 
* 
<> 
| 
= 
2 
+t 
— 
= 
ey 
> 
—— 
a4 
> 
~~: 
d 
ea 
> 
a 
7 
” 


Vea " a2 ae ai ‘ 
f : at '> ay iu ” r ei 4 Or a a sabato 
> ' 7% bh cae a oN! J -' : rea u Oe keh & ar 
} ’ 7 
oy 
7 eer oT y is Le Ae 
SAL EA Nt Os panies wip eh expeburnh om 19° 
{ ane ¥ od j -_ =e 


) ; Ws r : F a Oren om 


id) 


I, Very ul ond rr a 
| Pre as yy ’ a 
mmh nasa) PANS Lose Y Piet yeoich' ov : 
, A ) ie 
Sears tah Oe A ed hat ee Late aut 


. P ee : ' 
' thie @atisae cf Ll ceded aie ae - . Ps 
{ i = a 4 Y i ( if Ta Titus =) INS { ft ATCs : 7 + ihe 
4 iM F ; : ° aK 
“4 ie rn eng ; A ivy ‘ f } >. 
A a ~y Pa i 
- r * 4 4 é 
L M shaest) TY ic 7 ¥] 
U Bhi y 
as 


109 


ratio (s/w), time and vigorousness of stirring, temper- 
ature, and pH of rapeseed material. Experiments in these 
studies were conducted at the approximate optimum conditions 
determined in the preliminary studies, except for the 


parameter under investigation which was varied. 


i) The Effect of the Solid-to-Water Ratio (s/w) 


BPene rece, during stirring, of the solid-to-water 
ratio (s/w) of the slurry on the amount of oil extracted 
foecnOown in Fig. /5. With B. campestris L. var. Echo, “a 
broad optimum was obtained with an apparent maximum of 
Piimextractedfvat an s/wiratio of ca. 1:3.35..% With two 
other rapeseed varieties, Span and Torch, sharper optima 
were observed with both having an apparent maximum of oil 
extraction at an s/w of 1:2.5. In this experiment, the 
Maximum amounts of oil extracted were ca. 95, 93, and 93% 
for Echo, Span and Torch varieties, respectively. The 
difference in maximum s/w ratios between varieties Span 
and Torch on one hand and Echo on the other might be due 
to the oil contents of the seed which were 46.2 and 46.3% 
(wet basis) for Span and Torch, respectively, and 42.6% 
for Echo. The difference might also be due to the prolonged 


storage of the Echo seed. The s/w ratios obtained in this 
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study were higher than the s/w ratios recommended in the 
literature. Hagenmaier (1974) used an s/w of 1:10 for 
sunflower seed oil extraction. Ratios varying from 1:5 
to 1:12 were reported for aqueous extraction of peanut 
Oil (Sugarman, 1956; Subrahmanyan et al., 909 eenacia 
meet. , 1966; Rhee et al., 1972a). A high s/w ratio is 
desirable for further processing of the solid and liquid 
fractions, and for minimizing protein loss from the solid 
fraction. However, with a high s/w ratio, lower amounts 
of glucosinolates could be extracted from the solid frac- 
tion. 

The amount of oil extracted in relation to s/w 
ratio seems to correlate with the degree of demulsification 
during stirring. With the three varieties studied, the 
amounts of free oil formation in relation: to s/w ratios 
agreed very closely with the amounts of oil extracted 
(Fig. 6). The maximum amounts of free oil formation, ca. 
69, 69, and 65%, were obtained at s/w ratios of about 
1:3.35, 1:2.75, and 1:2.5, respectively, for rapeseed 
of variety Echo, Span and Torch. Oil droplets coalesce 
with each other during stirring. With a low s/w ratio, 
the volume fraction of oil is also low, thus the rate of 
coalescence is low (Karel, 1973), leaving small oil drop- 
lets which could be easily adsorbed by the solid residue 


during centrifugation. However, with a greater s/w ratio, 
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although the volume fraction of oil is high, the volume 
fraction of solid is also high, thus reducing the coalesc- 


ence of the oil droplets. 


ii) The Effect of Time 


The effects of stirring time upon the extraction 
of oil, and on the amount of free oil are shown in Fig. 7. 
In this experiment the rapeseed slurry was stirred at 
mmeecee tor 0, 15, and 30 min, and 1, 2, 3,84, andm h; 
and then centrifuged. The resuits indicated that the 
amount of oil extracted increased with the time of stirring, 
from near 75% with no stirring to about 92% after 5 h of 
stirring. However, the increase was significant only 
Meciii Leo =stirring,| d.e., from: ca.)-/5%° fo ca. 7 9men 
After 1h, the additional increase was only about 1%. 
Hence, the optimum stirring time for rapeseed oil extrac- 
tion was taken as 1h. This was comparable to data report- 
ed in the literature. The maximum amount of peanut 0il was 
extracted between 30 min (Rhee et al., 1972a) and lh 
(Rhee et al., 1973a, b,c) , while the maximum amount of 
sunflower oil was obtained at 45 min (Hagenmaier, 1974). 

In this study the amount of free oil was 0% 
when the rapeseed slurry was not stirred, but this was 
increased to ca. 63% after 15 min of stirring. Continued 


Stirring increased the amount of free oil to ca. 78% 
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after 4 h, indicating that the rate of coalescence of oil 
droplets was greatest during the first 15 min of Stirring. 
This was probably due to the size distribution of the oil 
droplets. Bigger oil droplets were easily demulsified 
within 15 min of stirring, while very small oil droplets 
were stable and could not be demulsified easily by 
stirring. Hence, the stirring step helped both to 
extract and to demulsify the emulsion. 
The vigorousness of stirring also influenced 

the amounts of oil extracted. In a preliminary study, it 
was found that ca. 71% of the oil was extracted at slow 
speed (stirred at speed 3 of the heavy duty Bell stirrer) 
and 84% at high speed (stirred at speed 5). This could be 
due to the fact that, at the high speed, a greater energy 
was imparted to the rapeseed material causing a greater 
release of oil from the cells. It was also found that 
higher speed of stirring resulted in a higher amount of 
free oil (ca. 80%) as compared to slow speed (ca. 13%). 
These results indicate that a greater rate of collision 
and coalescence occured during stirring at higher speed 
that at the lower speed. Furthermore, it is possible 

that with a greater force of stirring the protein envelope 


around the oil droplets could be more easily disrupted. 
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iii) The Effect of Temperature 


The effect of temperature during stirring upon 
the extraction of oil is shown in Fig. 8. In this exper- 
iment the temperature of the water bath was adjusted to 
24, 41, 68 and 80°C during stirring. It can be seen that 
the extraction of oil improved with the increase in temp- 
erature. The amount of oil extracted increased from 
ca. 78% at 24 + 1°C to ca. 92% (average of three readings) 
at 80 + 1°C. The results also indicate that the rate 
of increase in oil yield became less at high temperatures. 
The increase in oil extracted at high temperatures could 
be due to an increase in the permeability of the cell 
walls and to increased fluidity of the oil globules 
within the cells. The optimum temperature of stirring 
seemed to be 70°C, since, with a further increase of 
temperature to 80°C, only an additional 1% of oil could 
be extracted. 

It was observed that the amount of free oil also 
increased with the increase in temperature. Hence, at 
high stirring temperatures, a greater degree of coalescence 
among the small oil droplets occurred, giving rise to a 
higher amount of free oil. This greater degree of coales- 
cence at high temperature could be due to the loosening 


of the protein envelope and other surfactants, e.g. 
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phospholipids, around the small oil droplets. Similar ob- 
servations were mentioned by Karel (1973) and Lissant (1974), 
who suggested that at high temperatures the surface film 
material becomes more soluble in the continuous phase and 
tends to migrate away from the interface, thus allowing 


the droplets to coalesce. 


iv) The Effect of pH 


The effects during stirring of pH of the rapeseed 
slurry on the extraction of oil and on the amount of free 
Oil are shown in Fig. 9. In this experiment the pH of the 
Tapeseed slurry was adjusted to 2.9, 3.9, 5.0, 5.4, 5.9%, 
Ope yGac, 6.5, 7.3, 8.1, and 8.8 with concentrated Hel or 
NaOH, as necessary, before it was stirred and centrifuged. 
The results indicate that the optimum pH for the oil 
extraction was 6.6 + 0.1, while the lowest yield of 
Oil extracted was in the region of pH 4 to 5. There was 
a slight increase in oil yield at pH values lower than 
4.0. At the optimum pH of 6.6 + 0.1, about 92% of oil 
was extracted, whereas only about 82% was extracted at 
PH 5. The results also indicate that more oil could be 
extracted at pH values above 6.6 + 0.1 than below. Hence, 
during the rapeseed oil extraction; it is imperative 


that the pH of the slurry should not be much lower than 
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6.6. Other pH optima reported in literature varied from 
4 to 10 for peanut oil extraction (Rhee etealy, $1272anand 
1973 a,b,c; Subrahmanyan et al., 1959; Eapen ethal S719 66) 
and 10.0 for sunflower oil extraction (Hagenmaier, 1974). 
The rapeseed proteins, like other seed proteins, are 
comprised of structural, catalytic and storage proteins, 
of which the last two seem to play a major role in the 
aqueous extraction of the oil. In general, the lowest 
solubilities of catalytic and storage proteins are in the 
region of pH 4.5 and 7.0, respectively. Two minimum 
solubilities of rapeseed proteitns were reported between 
PH 3.0 to 4.0 and between 5.7 and 8.0 (Korolczuk and 
Rutkowski, 1971; Kodagoda et al., 1973; ElNockrashy et al., 
1975; Quinn and Jones, 1976). In this study, the max- 
imum and minimum yield of oil extracted correspond 
closely to those reported minimum solubilites of storage 
and catalytic proteins respectively. 
The rapeseed oil emulsion was found to be least 
stable at minimum solubility of catalytic proteins (i.e. 
PH 4 to 5) as shown by the maximum formation of free oil 
after centrifugation (Fig. 9). In their work on aqueous 
extraction of peanut oil, Rhee et al (1972a) observed 
that the emulsion was least stable at isoelectric pH of the 
protein present in the system. In this study the maximum free 
oil (ca. 78%) was obtained at pH of minimum oil extraction 


(i.e. pH 4-5), whereas only ca. 65% of the total oil yield was 
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free oil at the pH of maximum oil extraction (DH-6.G 13001) z 
The percentage of free oil dropped drastically from pH 6.5 
to 8.0. Above pH 8, all oil extracted was in the form of 
an emulsion. This great renee ion in the amount of free 
Oil at pH values higher than 6.5 was probably due to the 
increase in the solubility of the proteins and to the 
piaices in the emulsifying capacity of proteins and other 
emulsifying agents e.g. phospholipids, and mono- and 
diglycerides in the solution. An increase in amount of 
protein dissolved in the aqueous fractions at pH values 
lower or higher than 4 to 5 was observed during the 
experiment. With pH values of rapeseed slurry between 
4 to 5, the aqueous fractions were clear, however, at 
PH values lower or higher than 4 to 5, the aqueous frac- 
tions were cloudy and turbid. This turbidity increased 
as the pH value departed from 4 to 5. The amount of 
free fatty acids (FFA) increased slightly with increasing 
PH during equeous extraction of peanut oil from 7 to 10 
(Rhee et al., 1973b). The increase in FFA would likely 
result in an increase in the amounts of mono- and digly- 
cerides. 

At pH of minimum solubility of catalytic proteins 
(pH 4 to 5) less oil was released from rapeseed material 
giving the minimum yield at this pH range. This was 


also observed by Hagenmaier et al. (1972) in aqueous 
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extraction of coconut oil. At the isoelectric point of 
rapeseed storage proteins (pH 5.7 to 8.0) more oil was 
released during stirring and centrifugation. Hence, 

the catalytic proteins may be involved more with emulsi- 
fication of oil droplets whereas the storage proteins 


May be involved with the adsorption of the oil. 


c) The Effect of Centrifugation 


The effects of centrifugation parameters on the 
Oil yield were studied in considerable detail since 
centrifugation was found to be a major factor influencing 
ene. (O11) yield in this aqueous extraction process. The 
influence of centrifugation, as carried out with a Servall 
Superspeed Centrifuge, on the extraction of oil is shown 
in Fig. 10. In this experiment, the rapeseed material, 
after stirring, was centrifuged at 3,400 (1,397 x g), 
ae, 5, 100% 6,100, “2,400, 8,500, 9,000 rpm (9,750 xig)® 
Since the Servall Superspeed Centrifuge had only a speed 
control setting, the time required to reach the various 
final speeds (or accelerations) was variable. For 
instance, the times to reach final speeds of 3,400 and 
9,000 rpm were 6 min and 20 sec, and 2 min and 13 sec, 
respectively. When centrifugation was started, the speed 


control was immediately set to the desired final speed 
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and the centrifugation was stopped as soon as it reached 
that speed. The results shown by the lower graph in 

Fig. 10 indicate that the oil yield improved with the 
final speed (or acceleration) EDOM: Ca. 054 .at6. 3,400 "rpm 
(2, 99—ax g) to ca. 90¢?at 9,000 rpm (9,750 x g). A 
Significant increase in oil yield was obtained when the 
final speeds were between 3,400 and 7,000 rpm. Only ca. 
3% More Oil was released when the final speed was in- 
creased from 7,000 to 9,000 rpm. Ina preliminary exper=- 
iment, it was found that no oil was extracted when the 
rapeseed material was centrifuged at final speed of 2,200 
rpm. These results indicate that the maximum amount of 
oil extracted using this centrifuge was at a final speed 
Of 9,000 rpm; 

The plot of the final centrifugal accelerations 
against their required times (Fig. 11) shows that the 
rate of change of acceleration was variable. The rate 
of change is low when the final centrifugal accelera- 
tion is also low, and this rate of change increases 
with an fide eace in the final centrifugal acceleration. 

In another experiment, the rapeseed material was 
centrifuged with the final speed control set at 9,000 rpm. 
The centrifugation was immediately stopped when the speed 
reached those speeds corresponding to the values in the 


previous experiment. The times to reach these speeds are 
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TIME (MINUTES) TO REACH THE FINAL 


CENTRIFUGAL ACCELERATION 


Fig. ll. The Rate of Change of Acceleration with 
Various Final Speed Settings (Servall 
Superspeed Centrifuge) 
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given in Table 6. The results of this experiment are given 


by the upper graph in Fig. 10. 


Table 6. The Time to Reach Various Speeds with 
the Final Speed Control Set at 9,000 rpm 


Speed in rpm Time in Sec 


3,400 (1,397xg) 16 
4,125 (2,063xqg) 24 
5,100 (3,144xg) 31 
6,100 (4,470xg) 40 
7,400 (6,604xg) 62 


These two graphs show that with the highest acceleration 
used (9,000 rpm setting) to reach the particular speed, 
the amount of oil released was greater even though the 
final speed (or acceleration) was the same. For instance, 
at a final speed of 37/400 rpm, ca. 65% of oll was ‘released 
with the 3,400 rpm speed setting, whereas the amount of oil 
extracted was ca. 78% with the 9,000 rpm speed setting. 
With the 9,000 rpm speed setting, the oil yield was inde- 
pendent of the final speeds greater than ca. 5,000 rpm. 


The results show that under these conditions it took only 
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ca. 31 sec for the maximum release of oil droplets from 
the solid particles. The results of these two experiments 
indicate that the oil yield was more dependent on the 
come-up time (time required to reach the final speed 

or the rate of change of acceleration) than on the final 
speed or final acceleration. 

The effect of centriguation time was also studied 
using the same centrifuge. It was observed that at the 
final centrifugal speed of 7,400 rpm the time of centrif- 
ugation between 0 and 60 min had little effect on the oil 
yield, indicating that the release of oil from solid 
particles took place before the final speed was reached. 

The effect of centrifugation was also studied 
with a Beckman model J-21 Centrifuge (Beckman Inst., Inc. 
Palo Alto, Cal.). In one experiment, the rapeseed mater- 
ial was centrifuged at various final speeds ranging from 
Pe 00) (catee40lx ‘g)* tol 17; 000r rpm feavy 35;7,000%% gine] With 
this centrifuge the rate of change of acceleration (or 
come-up conditions), was constant. Under this constant 
rate of change of acceleration (or come-up conditions), no 
Significant difference in oil yield was observed between 
the final centrifugal speeds of 2,500 and 17,000 rpm. 

In another experiment, the time to reach the final speed 
of 7,500 rpm was varied from 22 sec to 17 min and 14 sec. 


The results show that the oil yield decreased with 
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increasing come-up time (Fig. 12). About 90% of oil was 
released when the time to reach the final speed of 7,500 
was 22 sec, whereas the oil yield was only ca. 76% with the 
come-up time of 17 min and 14 sec. Hence, these two 
experiments further proved that the come-up time was the 
critical factor in aqueous extraction of rapeseed oil. 

The effects of centrifugation in the aqueous oil 
extraction have not been previously studied. The effects 
observed in this study may be due to one or more of the 


following three factors. 
A) Hindered Settling 


In the rapeseed slurry the solid particles and opt 
droplets are close together. Thus during the centrifugation, 
the velocity gradient of each particle is affected by the 
presence of neighboring units. The oil droplets inthe slurry 
either adhere to the solid particles by surface tension or 
are free in/fthe water. The particles, infsettling, qdis- 
place the water (McCabe and Smith, 1956). The velocity 
of the displaced water is greater with respect to the 
particle than with respect to the apparatus. The dis- 
placed water, due to its velocity, will cause the separation 
of free oil droplets from the solid particles and the 
release of the oil droplets which are adhered to the solid 


particles. The shorter the come-up time or the greater 
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the rate of change of acceleration, the greater will be the 
velocity of the displaced water, resulting in a greater 


release of oil droplets adhered to the solid particles. 


B) Turbulent Flow 


When the rapeseed slurry is centrifuged with a 
long come-up time or a low rate of change of acceleration, 
the solid particles will settle smoothly at low velocities. 
The drag force resisting the motion of particles which 
arises from the frictional force of the water is also low. 
Under these conditions the solid particles settle together 
with the oil droplets. Some of the free oil droplets will 
be trapped by the solid particles. With a shorter come-up 
time or a greater rate of acceleration, the solid particles 
settle at greater velocities and this may cause a turbulent 
flow pattern of water around each particle. The drag force 
acting on the particles is also greater. With a greater 
drag force and turbulent flow, a greater number of oil 
droplets, adhered to the solid particles, will be released 
and separated. In addition, fewer free oil droplets will 


be trapped by the solid particles. 


C) Buoyant Force 


The size of oil droplets and the strength of 
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interfacial tension between the oil droplets and the 
solid particles are variable. When the slurry is cen- 
trifuged there will be a downward force acting on the 
particles and an upward force acting on the oil droplets 
(buoyant force), since the density of oil is lower than 
that of water. The greater the size of the droplet, the 
greater will be the buoyant force acting on it. Under a 
condition of long come-up time or low rate of change of 
acceleration, only the larger oil droplets and those 
with a weak surface tension adhesion to solid particles 
will be released from the solid particles. With a shorter 
come-up time or a greater rate of change of acceleration, 
the buoyant force is greater, thus causing more oil drop- 
lets to be released from the solid particles. 

If the density of the aqueous phase is increased, 
such as by the addition of salts, the frictional force 
acting on the particles, and the buoyant force acting on 
the oil droplets would be greater. These forces would in- 
crease the number of oil droplets released from the solid 
particles, thus increasing the oil yield as observed by 
Linow et al. (1971) and Mieth et al. (1975a). 

Due to the shortness of the centrifuge tubes, 

(ca. 10 cm) the settling time of the solid particles is 
expected to be short. Thus the initial rate of change of 


acceleration is the most critical factor determining the 


Lae 


ue & 
(es 


- 
ont 
i 
+ 
“y 
‘ 
» 
=e “4 
As 
[ r ) 
a. 
“> 
i] 
19 = 
i ” 
¥ [ fé« 
a 
“ 
— 
ah 
4 
~eaas 
i a 
+ la 
at (25 194 


The 


19 8t Pp) ion yi 


‘ a r i a Sa a 7 if ; 
SG eae el se i” o Le v7 


‘ele 44s 


ee ae 
al 
be re j 
nW 
/ ’ ina 
; ’ ff r 
i aj 
" ay nit 
} 
|e A ; 
iQ? 
a 
{ > “prey 45 
Ge Sh [SIH S30 F 
i van 
: b  «Xoasegxre 
; ET 
: 6%, Sige AY Oe Dae 
nf : y ie es a ' ‘ 
\ ~ 7 
POET | =f PretEus agit. 3o,.“at 
ee Se) ni 
r rai ie : 
"TD Rp pe: Boy wos thot 
ta y 1 
nl ; Se, 
haying : a, a e H a ou Py 
; .} - ¢.! 
ae on af 
O34 DEER avatars SG) hae SIKORN 
‘ H . b 
7 wi ‘ } & 
‘ 7 4 a - 
DRG ahem) Ae OR ORL Lae) Ree, 9 
ih - : ' h 
iy J us f ' ; i 
} i . j 14 ) 
oy 08, aiatey = oi) sai aeete 


rT f r 
x rf " iv raney i of Lad _ } 


B (se ot ae ee ipl et ; 


nga rons ‘sige io badevkioits 
re tetra lat a ar 3 
ole 


4) : .o al f oy - Le <) at 
he teas CePA tas re 


amount of oil separated from the solid particles. Once 
the solid particles settle to the bottom of the tube, 
there will be no further release of the oil droplets. 
Thus the final speed (or acceleration) and the time of 
centrifugation after reaching the final speed are not 
important factors in determining the release of oil drop- 


dets from the solid particles. 


3. Results of Oil Analyses 


After establishing the optimum process parameters 
for the aqueous extraction, it was essential to study the 
quality of the aqueous extracted crude oil. The quality 
of the aqueous extracted crude oil was compared with the 
quality of a soxhlet extracted crude oil and an indust- 
rial crude oil which was obtained from cannes Food: Co’... 
For this comparison, sulfur, phospholipids, free fatty 
acids, peroxide values, unsaponifiable matter, and 
moisture and volatiles were analysed. A more detailed 
study was carried out on the sulfur content of the 
aqueous extracted crude oil since this property is the 
most important factor in determining the quality of the 
crude rapeseed oil. The effects of dry heating the seed 


on the quality of the aqueous extracted crude oil were 


also studied. 
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a) Sulfur Content 
i) Sulfur Content of the Aqueous Extracted Crude Oils 


Sulfur content is an important factor in deter- 
mining the quality of rapeseed oil due to the fact that 
sulfur in the 0il would poison the catalyst during the 
hydrogenation process. The presence of 5 ppm of sulfur 
reduced the activity of the catalyst during the hydrogen- 
ation process by ca. 50% (Babuchowski and Rutkowski, 
1969). It has been found that oils are difficult to 
hyrogenate if they contain over 20 ppm sulfur whereas oils 
containing 2 to 7 ppm sulfur are considered good suaiey. 
Oils (Sosulski, 1974). 

One of the steps of the aqueous extraction of 
rapeseed oil was the boiling of ground rapeseed. This 
treatment inactivated enzymes such as myrosinase and 
lipase. The inactivation of myrosinase would prevent the 
hydrolysis of glucosinolates into sulfur containing com- 
pounds which are soluble in oil, thereby resulting in an 
oil with lower sulfur content. 

The sulfur contents of aqueous, soxhlet, and 
industrial extracted crude oils are shown in Table 7. 

The sulfur content of the aqueous extracted crude oil from 
untreated seeds of the Echo variety was 4.5 ppm and that 


from untreated seeds of the Span variety was 6 ppm. The 
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Table 7. Sulfur Content of the Oils 


Sample and Treatment 


A. Industrial crude oil 


B. 


B. 
jig 


re (wo 


average of two analyses. 


campestris L. var. Echo 


Aqueous extracted crude 

oils 

a) Untreated seed 

b) Seed boiled 

c) Seed dried in oven at 
LO5°Catox x2day-s 


Soxhlet extracted crude 
oil (untreated seed) 


campestris L. var. Span 


Aqueous extracted crude 

Oils 

a) Untreated seed 

b) Seed dried at 55°C 
fore Caw ton 

e)ieSeed Vdried“at -105°¢ 
for Caw | 

d) Seed boiled and dried 
ateLOoce, tore ca. 17. b 


campestris L. var. Torch 


Aqueous extracted crude 
Otiveseed dried at 557°C 
for 3 days) 


Soxhlet extracted crude 
oil (untreated seed) 


Sulfur Content (ppm)* 


10 


pgs 


2 


50 


<2 


All samples under B, C and D 
were composite samples of at least five extractions each. 
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apparently higher amount of sulfur in oil from the Span 
variety could probably be due to the higher moisture con- 
tent of the Span seed (9.5%) than the Echo seed (5.6%). 
The study by Daun and Hougen (1976) showed that there was 
a gradual increase in the sulfur content of the oil when 
increasing amounts of water were added to the seed. When 
the seed is ground, the glucosinolates come into contact 
with myrosinase and before the enzyme is inactivated by 
boiling, the enzyme hydrolyzes the glucosinolates. The 
extent of this hydrolysis depends on the moisture content 
of the seed. If the seed was boiled to inactivate the 
enzyme before grinding, the sulfur levels of oil were 
further reduced tO 3 ppm for the Echo variety and to 4 ppm 
for the Span variety. 

The sulfur contents of aqueous extracted crude oils 
were higher (4.5 - 6 ppm) than that of the soxhlet extracted 
crude oils (less than 2 ppm) but lower than that of the 
ineaustrial crude*oil (10 ppm) (Tables7). .Highenolevels of 
sulfur in Canadian crude oils were reported: 16 - 57 ppm 
(Teasdale, 1975) and 18 - 31 ppm (Daun and Hougen, 1976). 
Persmark (1972a) reported relatively small amounts of sul- 
fur (5 - 15 ppm) present in rapeseed oil extracted in Sweden 
Lower levels of sulfur (1 - 5 ppm) were also obtained by 
other workers in laboratory extracted oils of untreated 


seeds (Bhatty and Sosulski, 1972; Sosulski et al., 1972; 
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Kozlowska et al., 1972a). In their study Daun and Hougen 
(1976) produced laboratory extracted oils free of sulfur 
from untreated seed, regardless of the glucosinolate 
content of the seed. 

In the industrial process, the sulfur levels in ex peller- 
extracted oils were lower than in the subsequently solvent 
extracted oil fractions (Von Fellenberg, 1945; Zeman and 
Zemanova, 1967; Daun and Hougen, 1976). This was attri- 
buted to the association of sulfur compounds with the gum 
and colored material of the seed which were preferentially 
extracted by the solvent (Daun and Hougen, 1976). In the 
aqueous extracted crude oils, no apparent relationship 
between the sulfur content and the gums or colored material 
was Observed. The phospholipid levels in aqueous extrac= 
ted crude oils ranged between 0.03 to 0.05% (to be discussed) 
whereas the sulfur contents ranged from 3 ppm when the 
seed was boiled, to 50 ppm when the seed was dried in an 
oven for 3 days at 55°C (to be discussed). Although 
aqueous extracted crude oils from the untreated Span seed 
and the heated Torch seed (55°C for 3 days) contained the 
Same amount of phospholipids (0.04%), the two oils contained 
different amounts of sulfur; 6 ppm for Span oil and 50 ppm 
for Torch oil. During the study, it was observed that 
lighter colored oils were obtained if the material was 
stirred or boiled at higher pH values. Similar results were 


reported by Eapen et al., (1969) that comparatively 
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lighter colored oils were obtained when the seed was boiled 
in 0.5% alkali. However, our results did not show any 
correlation between the color and the sulfur content of 


the oils. 


ii) The Effect of Dry Heating 


Heating the seed before grinding influenced the 
sulfur level of the aqueous extracted oil. Dry heat treat- 
Ment of rapeseed before grinding was carried out in order 
to reduce the moisture content of the seed so that, as 
mentioned earlier, the grinding operation would be faster 
and the rapeseed particles would be less sticky. However, 
the results show that heating the rapeseed before grinding 
increased the sulfur content of the oil (Table 7). When 
Span seed was heated at 55° and 105°C for ca. 17 h, the 
levels of sulfur in the oils were 15 and 12 ppm respectiv- 
ely. The sulfur content of oil from the Echo seed, heated 
atr60°C'for ' 2 -days; was 23 ppm.» Higher sulfur, content 
(50 ppm) was found in oil extracted from Torch seed which 
was heated at 55°C for 3 days. These results indicate 
that the level of sulfur in the oil increased with the 
heating time. 

Heating rapeseed with a moisture content greater 


than 103 at 50°C to 70°C caused rapid hydrolysis of 
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glucosinolates; however, at a moisture content of 8% very 
little hydrolysis occured (Pritchard, 1974). A similar 
effect of heating on the amount of sulfur in a laboratory 
solvent extracted oil was observed by Daun and Hougen 
(1976). Heating a high-glucosinolate seed (B. napus L. 
var. Oro; 5% moisture) for 12 and 144 h increased the sul- 
fur content of the resulting oils from 0 to 16 and 84 ppm 
respectively. However, heat treatment of a low-glucosin- 
Srare secd (B. napus Ui. Var. 569 = 2895;,.4% moisture) did 
not seem to/produce any sulfur in the oil. In their study 
Pierce ettectsor bin heating Of rapeseed, Bell et al. 
(1972) found 55 ppm sulfur in the oil. Heating rapeseed 
from 90 to 135°C caused an increase in the amounts of 
isothiocyanates and vinyl-oxazolidinethione (Clandinin 
Crate, 19597 Clandinin, "1962; “Appelqvist and Josetsson, 
LOG a 

It was suggested that heating caused partial 
pyrolysis of the glucosinolates to yield oil-soluble sul- 
fur-containing compounds (Bell et al., 1972; Daun and 
Hougen, 1976). In this study it was found that if the 
rapeseed was boiled before heating in an oven at 105°C 
overnight the sulfur content in the oil was only 4 ppm. 
The results of this study indicate that hydrolysis by 
myrosinase, and not the pyrolysis of glucosinolates was 
responsible for the increase in the sulfur levels of the 


oil. This hydrolysis occurred during the dry heating of 
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unboiled rapeseed. Unlike boiling, dry heating in an 
oven, even at 105°C, would not easily inactivate the 


enzymes as found by VanEtten et al. (1966). 


Jia) The Effect of pH 


The effectsS-ef pH during boiling and stirring 
upon the sulfur content of the oil were also studied. In 
One experiment concentrated HCl or NaOH was added as nec- 
essary to the boiling water before ground rapeseed was 
added. The pH of the rapeseed slurry was measured after 
boiling and cooling. The results indicate that pH during 
boiling had a significant effect on the sulfur level in 
the oil (Fig. 13). The sulfur content of the oil increas- 
ed with an increase in pH during boiling from ca. 2 ppm 
at pH 31 to ca. 1O pom at pH 7.6. However,in the? study 
on the diffusion extraction of glucosinolates from rape- 
seed Sosulski et al. (1972) found that alkaline solutions 
were more effective in reducing the sulfur level in the 
Baty The results from this study probably reflect the 
activity of myrosinase before its inactivation by boiling. 
Just before inactivation, the myrosinase with an excess 
amount of water, could hydrolyze the glucosinolates and 
the extent of this hydrolysis increases with pH of the 


boiling water. This is in accordance with myrosinase 
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activity in crambe seed meal which was found to increase 
with the pH and had an optimum at pH ca. 9.0 (Tookey, 
imn3hee Under acidi¢ conditions, hydrolysis of thesqiucos-= 
inolates of both rapeseed and crambe seeds gave rise to 
nitriles (Youngs et al., 1972; VanEtten et al., 1966) 

In another experiment, the pH of the rapeseed slurry was 
adjusted from 3.9 to 9.7 before it was stirred. Under 

the conditions of pH examined, the sulfur contents of the 


oils ranged from 3 to 5 ppm (Table 8). Hence, the pH of 


Tables 3. ether EEfece of pH During Stirring 
On che) sulfur! Content of the O11 


PNTDUuLInag Serer ing Sulfur in ppm 
Osh B20 
Bisdi 4.0 
6.6 5.0 
520 4.0 
4.5 Shp) 
BK 50 


slurry during stirring had no significant effect on the 
sulfur content of the oil. This was due to the fact that 
myrosinase was already inactivated during the boiling 


step. 
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The: overall results of the study on sulfur content 
reveal that the aqueous extracted crude oil contained low 
amounts of sulfur due to the boiling step. Boiling before 
grinding further reduced the sulfur level in the oil, With- 
out enzyme inactivation dry heating would increase the 
sulfur.content..Low. pH conditions during the boiling-of 
ground rapeseed lowered the sulfur level in the oil. How- 
ever, boiling the rapeseed in acidic environment might 
reduce the quality of rapeseed protein in the meal and 


Cause corrosion to the boiling container. 


b) Phospholipid Content 


The phospholipid contents of aqueous, soxhlet and 
industrial crude oils are compared in Table 9. The results 
show that phospholipid contents in aqueous extracted 
crude oils from untreated seed were much lower (0.05% for 
Echo variety and 0.04% for the Span variety), than in 
soxhlet extracted crude oils (0.32% for Echo variety and 
0.36% for Torch variety), and the industrial extracted 
crude..o1»,from:Canbra Food Co. (0.8%). Thegsame Tevel of 
phospholipids (0.6 to 0.9%) in industrial rapeseed crude 
oil was reported by Klein and Crauer (1974). However, 
Teasdale (1975) reported the amount of phospholipids in 


Canadian rapeseed crude oils as 3.5% maximum, while 
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Table 9. Phospholipid Content of the Oils 


* 
Sample and Treatment Percent Phospholipid 


A. Industrial crude oil 0.80 
Be) Bs (campestris L. var. Echo 


l. Aqueous extracted crude 
Oil (untreated seed) 0.05 


2. Soxhlet extracted crude 
oil (untreated seed) C252 


C. B. campestris L. var. Span 


1. Aqueous extracted crude 


oils 
a) Untreated seed 0.04 
by Seed.aried at 55°C tor 

caw E7 Nn 0.04 
Cj seed. arled, atsl05°C for 

Caney 0.03 
d) Seed boiled and dried 

at erOoole stor Cas, L740 0,03 


De B..camprestris li. va., Torch 


1. Aqueous extracted crude 
oil (seed dried at 55°C 
for’ 37days) 0.04 


2. Soxhlet extracted crude 
oil (untreated seed) 0.36 


* average of two analyses. All samples under B, C and D 
were composite samples of at least five extractions 
each. 
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degummed oils contained a maximum of 0.6% phospholipids. 
Higher amount of lecithin (ca. 2%) was also reported by 
Anjou (1972). In Swedish rapeseed oils the phospholipid 
contents were reported as 0.51 to 0.75%, and the degummed 
Oils contained 0.013 to 0.4% phospholipids (Persmark, 
22720; Hotftmann, 1973). 

Phospholipid content depends on the method of oil 
extraction; in pressed oil the amount of phospholipids was 
0.5% whereas in the solvent extracted oil the phospholipid 
content was 1.2% (Persmark, 1972b). The smaller amount 
of phospholipids in the soxhlet extracted crude oils than 
in the industrial crude oil was probably due to the mild 
extraction conditions of soxhlet method. The phospholipid 
contents in aqueous extracted crude oils from the Span 
seed, dried overnight at 55 and 105°C, were 0.04 and 0.03% 
respectively. The aqueous extracted crude oils from Span 
seed,boiled and dried overnight at 105°C,and from Torch 
seed ,dried for 3 days at 55°C, contained 0.03 and 0.048 
phospholipids respectively. Hence, these results indicate 
that the amount of phospholipids did not vary significant- 
ly with the heat treatments of the seeds. The low amount 
of phospholipids in aqueous extracted crude oils is 
probably due to the fact that most of the phospholipids 
are hydrated and precipitated during the extraction process. 


This is clearly shown by the higher amount of phospholipids 
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(2.38%) in the residual oil in the aqueous extracted meal. 
Hence, the oil obtained by aqueous extraction could be 
considered equivalent to a degummed oil. 

In industrial processing of rapeseed oil, phos- 
pholipids are often removed by degumming the oil with a. 
small amount of water at the extraction plant followed 
by degumming with phosphoric acid at the refining plant 
(Anjou, 1972). The industrial crude lecithin produced 
from degumming process contains 30 to 40% oil (Persmark, 
1972b). Rapeseed phospholipids (lecithin), inferior to 
soybean lecithin in color as well as in flavor, taste 
and general appearance, has not been used extensively 
in food industry (Persmark, 1972b). However, it is often 
added back to the meals (Anjou, 1972; Clandinin et al., 
1972p). Since phospholipids are to be removed from the 
oil, a greater amount of phospholipids represents higher 
refining loss. Hence, due to a low phospholipid content, 
the refining loss of aqueous extracted crude oils would 
be comparatively less than the present industrial ex- 


tracted crude oil. 


c) Free Fatty Acid Content 


The free fatty acid contents of aqueous, soxhlet 
and industrial crude oils are shown in Table 10. The 


results show that the amounts of free fatty acids (FFA) 
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Table 10. Free Fatty Acid Content of the Oils 


Sample and Treatment 


@. industrial crude oil 
Poo, Campestris L. var. Echo 


1. Aqueous extracted crude 
Oil (untreated seed) 


2. Soxhlet extracted crude 
Oil (untreated seed) 


Gao B. Campestris L. var. span 


1. Aqueous extracted crude 
Oils 
a) Untreated seed 


By) Seed dried at 55°C for 
cas’ h7 'h 


c).Seed. dried rat«L05°C tior 
Caneel ih 


d) Seed boiled and dried 
ares 2C fOr Cans oF 
D. B. campestris L. var. Torch 


1. Aqueous extracted crude 
Oil (seed dried at 55°C 
for 3 days) 


2. Soxhlet extracted crude 
oil (untreated seed) 


* average of two analyses. All samples under B, C and D 
were composite samples of at least five extractions 


each. 


Percent Free Fatty Acid* 


0.55 


O70 


1.00 


O.r2 


0.16 
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in aqueous extracted crude oil from the untreated Span 
seed was lower (0.16%) and that from the untreated Echo 
seed was slightly higher (0.7%) than industrial crude oil 
(0.55%). The soxhlet extracted crude oil from Echo seed 
contained a slightly higher level of FFA (1.0%) than the 
aqueous, extracted crude oil from the same variety. How- 
ever, this was not clearly observed in the case of oils 
from Torch seed; the soxhlet extracted crude oil contained 
0.16% FFA and the amount of FFA in aqueous extracted crude 
Oil was 0.12%. 

Varying amounts of FFA in industrial rapeseed crude 
Oils have been reported in literature; 0.97% (Hoffmann, 
my 3) OS] EO4LOn Stenl(Klein and -Crauer;ed 974) 34 01. 5ss (Privechard, 
eae OS co OSten(Appeligvist,* L961); 0.4 tod 268 
(Teasdale, 1975). The amount of FFA in crude oil of good 
quality should not exceed 1.5% in order to avoid high 
rerining losses c(Olin,1957):. 

High FFA contents of Echo rapeseed oils from both 
soxhlet and aqueous extraction methods could be due to the 
long storage ‘time (5 years) and/or to the viability of the 
seed, which was found to be only ca. 45% compared to ca. 99% 
for Span and Torch seeds. Appelqvist and Johansson 
(1972) reported the values ranging from 1.3 to 282 tor 
Winter Srape andol {7tow2.5% for winter turnip rape stored 
for 5 to 33 months. Higher percentages of FFA were re- 


ported for oil from germinated, mold infested or cracked 
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seeds. Furthermore, there is a parallel increase in FFA 
content with the decrease in viability during storage of 
rapeseed (Appelqvist and Loof, 1972; Ruhowicz, 1972). 

The FFA contents of aqueous extracted crude oils 
from Span seeds dried overnight at 55 and 105°C were 0.14 
and 0.17% respectively. The aqueous extracted crude oils 
from Span seed boiled and dried overnight at 105°C and 
from Torch seed dried for 3 days at 55°C contained 0.16 
and 0.12% FFA respectively. These results indicate that 
the FFA level in aqueous extracted crude oils was not 
affected by the heat treatments of the seed. The low 
levels of FFA in aqueous extracted crude oils is probably 
due to the quick inactivation of lipase by boiling. In- 
accivetron Of lipase iS"raprd at 90’ to “PO0°C tin an 
aqueous medium (Anjou, 1972). 

During refining of the oil, FFA is normally re- 
moved by alkali or steam refining and is also removed 
in the deodorization process. The removal of FFA is 
essential to prevent any off-flavor development in the 
oil. Hence, the level of FAA in the oil represents a 
direct loss in the processing (Moysey and Norum, 1975). 
The total refining loss of industrial extracted crude 
oils from good quality seed, due to FFA and phospholipids, 


is ca. 8% or less (Downey et al., 1974). Thus, because 
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of low levels of FFA and phospholipids, the refining loss of 


aqueous extracted crude oils would be comparatively low. 
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dad) Peroxide Value 


The peroxide values of aqueous, soxhlet and in- 
dustrial extracted crude oils are shown in Table 11. The 
results show that the peroxide values of aqueous extracted 
crude oils of untreated seed were slightly higher (1.10 
mequiv/kg of oil for the Span variety and 1.39 mequiv/kg 
of oil for the Echo variety) than soxhlet extracted 
crude oils (0.62 mequiv/kg of oil for the Echo variety and 
0.74 mequiv/kg of oil for the Torch variety) but lower 
than industrial crude oan (5.45 mequiv/kg of oil). Appel- 
qvist (1967) has reported that if the oil was extracted 
with all possible precautions, it would contain no 
detectable peroxide, however, if no precautions were 
taken, the peroxide value ranged from 4.54 + 0.21 to 
5. o5 et O43) mequiv/kKg of ‘oils Higher values were re- 
ported for oils from heat-damaged, non-viable seeds 
(Appelqvist, 1967) and mechanically damaged seeds 
(Rutkowski and Makus, 1959). 

Low peroxide values of the soxhlet extracted crude 
oils obtained in this study could be due to the minimal 
heat treatments of the rapeseed material and shorter time 
of exposure to light during the extraction (the soxhlet 
extraction was normally carried out overnight). Slightly 
higher values of peroxide in the aqueous extracted crude 


oils were probably due to the heat treatment during 
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Table 11. Peroxide Value of the Oils 


Sample and Treatment Peroxide Values in 
mequiv/kg of Oil* 


A. Industrial crude oil 5.45 
B. B. campestris L.var. Echo 


1. Aqueous extracted crude 
Oil (untreated seed) egos 


2. Soxhlet extracted crude 
oil (untreated seed) 0.62 


Crigier campestris) Ll... var. Span 


1. Aqueous extracted crude oils 


a) Untreated seed 1.10 
b) Seed dried at 55°C for 

ca. cL jh 14, 6iL 
c) Seed dried at 105°C for 

Cae Ly i SZ 
d) Seed boiled and dried 

at 1052¢C for.ca.s Lf oh 1.85 


D., B. campestris L. var. Torch 


1. Aqueous extracted crude oil 
(seedi driedrat;: 55°C. .fon 
3 days) 2-03 


2. Soxhlet extracted crude oil 
(untreated seed) De A 


* average of two analyses. All samples under B, C and D 
were composite samples of at least five extractions 


each. 
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boiling, blending, stirring and thawing the frozen emul- 
sion and honger exposure of the oil to light. Heat 
treatment of the seeds and exposure of oil to light and 
heat was found to result in higher peroxide values 
(Appelqvist, 1967). 

In this study, dry heating of the seed in an oven 
caused an increase in the peroxide value of the oils. 
Compared to that of untreated seed, there was a slight 
increase in peroxide value when the seed of Span variety 
was dry heated in the oven overnight at 55°C (1.61 


mMequiv/kg Of oi) and 105°C (1.32 mequiv/kg of oil). 


Higher peroxide value (2.03 meguiv/kg of oil) was obtained 


when the Torch seed was heated at 55°C for 3 days. These 
results indicate that the peroxide value increased with 
the amount of heat used in drying rapeseed in an oven. 

A higher peroxide value (1.85 mequiv/kg of oil) was also 
obtained when Span seed was boiled and dried in an oven 
Overnight at 105°C. Since boiling of rapeseed would in- 
activate the enzyme lipoxidase, the increase in peroxide 
value during drying in an oven and during the aqueous 
extraction process would be due to non-enzymatic 
reactions. The results also indicate that storing of 
Echo seed for 5 years at 5°C did not seem to affect the 
peroxide value. In their study, Janicek and Pokorny 
(1963) observed that peroxide values changed irregularly 


during the storage of the seed. 
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e) Unsaponifiable Matter 


The amounts of unsaponifiable matter in the oils 
are given in Table 12. The amounts of unsaponifiable mat- 
ter were; 1.05 and 1.13% in aqueous extracted crude oils 
from untreated Echo and Span seeds respeaeively: 1.14 and 
0.74% in soxhlet extracted crude oils from untreated Echo 
and Torch seed respectively, and 1.03% in industrial 
crude oil. The results from varieties Echo and Torch 
indicate that there was no significant difference in the 
amounts of unsaponifiable matter in oils obtained by 
aqueous and soxhlet extractions. Comparing the aqueous 
and industrial extracted crude oils from Span seed, 
there seems to be no significant effect of the two oil 
extraction methods on the amounts of unsaponifiable matter 
in the oils. With the exception of the value from the 
Torch variety, the amounts of unsaponifiable matter in 
the agueous and soxhlet extracted crude oils were higher 
than those of industrial extracted crude oils (0.3 to 
0.8%) reported by Teasdale (1975). 

Varietal difference in the amount of unsaponifiable 
matter was observed in this study. Lower amounts were 
found in oils from Torch seed than Span and Echo seeds. 
Similarly, this varietal difference was also observed by 
Sietz (1967) and Appelqvist (1968). Sietz (1967) re- 


ported that the unsaponifiable matter of German cultivars 
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Table 12. Unsaponifiable Matter in the Oils 


ne eee cc SSS ss is Ss sss 


Sample and Treatments Percent Unsaponifiable 
Matter * 
A. Industrial crude oil ba0s 


BotsBe Campestris*L. vars Echo 


1. Aqueous extracted crude 
Oil (untreated) 105 


2. Soxhlet extracted crude 
oil (untreated) aes 14 


C. 8B. campestris L. var. Span 


1. Aqueous extracted crude oils 


a) Untreated seed ahs 
bj, Seed@adried at 55°C for 

Cael man 1.19 
@) Seed dried at 105°C for 

Cartas) Pe25 
ad) Seed boiled and dried 

at. bOSecerOraGa. lt. Lats 2 


D....B. campestris.L. var. Torch 


1. Aqueous extracted crude oil 
(seed dried at 55°C for 
3 days) O75 


2. Soxhlet extracted crude oil 
(untreated seed) 0.74 


* average of two analyses. All samples under B, C and D 
were composite samples of at least five extractions 


each. 
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of rapeseed as; 0.3% for winter rape, 0.6% for summer 
rape and winter turnip rape, and 0.8% for summer turnip 
rape. Higher values were obtained by Appelqvist (1968) 
for Swedish cultivars; 0.9% for winter rape, 1.0% for 
summer rape, .0.8% for winter turnip rape and 1.1% for 
summer turnip rape. The amounts of unsaponifiable 
Matter in aqueous extracted crude oils from Span seed 
dried overnight at 55 and 105°C were 1.19 and 1.25% respec- 
tively. The aqueous extracted crude oil from Span seed 
boiled and dried overnight at 105°C contained 1.32% 
unsaponifiable matter. These results seem to indicate a 
small increase in the amount of unsaponifiable matter 


with the heat treatment of the seed. 


£f) Moisture and Volatiles Content 


The moisture and volatile contents of the oils 
are given in Table 13. The amounts of moisture and 
volatiles were; 0.034 and 0.045% in aqueous extracted 
crude oils from untreated Echo and Span seeds respectively, 
0.060% in industrial crude oil, and 0.069 and 0.075% in 
soxhlet extracted crude oils from untreated Echo and 
Torch seeds respectively. The amounts of moisture and 
volatiles in the aqueous extracted crude oils were 


slightly lower than in the industrial and soxhlet extracted 


oils. Slightly higher values of moisture and volatiles 


154 


£ ae Dee il 
= rn ' i f at ; yy thy 
i a 7. ‘ i ‘4 : ‘ ier ve 
eS : 1S Hae uo ' . 
& ia 4 7 + \An ie i. 
oe en Oe ea ae 
J "aa | Oi 7. : . 
o/ iré Jee 
i 3 oO j 6 (Ee: T 4 y oe % ' 1s . an ee) 
V 4 7 , 
s Pa i 


pie ‘a Y : = | bemin' | Be a 

Lins ie 202 88.0 BRB. 998s qintint setatw bs <e 

K ; hae ‘ : a BE : ey: 

(fae). s2ivelbarms ea pemksvdo om ne eat ie ool +4 2g 
. | Ree NN 

Yxeaohiwxot #64 1 er sviain satbowa 2 xo 

~ it # ee 

Pas) sue qacimes “x iw s 48, 0 9a8 5 amy 


is 7 a = 


» 
pe 


‘tinogsane To /adnyoms sa i ogee qin mst 19m oT, 


~ 
. ¥2' most? allio sbi <Me @uoeupn. pee 
Has e@4 5°S0L ‘bis wie i tip 
S73 Lito sbu7 Seats » anenip 
; y) ‘ aa er Die | ’ 
BROS ree.) di gave ‘Bs oP 
ae N, rs a 
52 edtipes: ; «mean aidert 
) , jie - s 
} : MywL i i 
SiT LIQ Bb deh EQ > be AOsTTg etn 
-= ¥ t j ¢; I 7 - if Fr 7" t) ta | f Rie ath ! 
h bSe oe ait so tami nan teal okt, MS, 
evi 
yy oh ae ee ted 
Fe tae A se rs! 
THOS en A, i hdd soar 
: } 5 ie Pathe ; 
' - daaao \easaaean Bho aad j 
%, a a ee ay | 
i aa a wy oh ae £ 
tio site to. 2 cacy ihe fov Bam, aug2adon Sri ld 
ft “wh . Fs on ha i 


Prete ~U te Lon to ditt % ett Mt es at Ast i r 
- FE f : 1 ® a‘ hs ; ae aa 
beiosisxoe sEO atips ie Fe eo.0 0 Sa SED. ¢ tow le 


as 


Wlevisbeiase: ebose ake GR Dai” ote s Sotowsatd YW moe, 


AS nef 


4 


- ai #2t0.0 Ben Cpe. 0, bas ie) 23 fatuaavbad 
1. tes onag oe inset eh) om > aie mane S. 


| Bete omegeton Po etneomig ant? oe evisnegaes 
Dy , we to 
& <nirro a2 a2 xe ecole 


ah gl em 


ie :  Bansetaxe' Sefrixoe bas | isisdeubate 


a bie - - sslov ‘bets ects tom 20 thes! 
7 


wie ; ie e yj 


ig} i. ft 4) : an 


355 


Table 13. Moisture and Volatiles Content of the Oils 


mn Ss Se St SSSI 


Sample and Treatment Percent Moisture and 
Volatiles * 


A. Industrial crude oil 0.060 
B. B. campestris L. var. Echo 


1. Aqueous extracted crude 
Oil (untreated seed) 0.034 


2. Soxhlet extracted crude 
0il (untreated) 0.069 


CireBlscampestris Livvar. Span 


1. Aqueous extracted crude oil 


a) Untreated seed 0.045 
beSeed-‘dried.at 55°C for 

Ca. 17 Dp 0.054 
c) Seed dried at 105°C for 

Gatel7th 0.034 
d) Seed boiled and dried 

Ate eo oC. LOL “Cask lish 0.040 


Do, B. campestris L.,var. Torch 


1. Aqueous extracted crude oil 
(seed dried at 55°C for 
3 days) O.0 32 


2. Soxhlet extracted crude oil 
(untreated seed) 9 ag OF fe, 


* average of two analyses. All samples under B, C and D 
were composite samples of at least five extractions each. 
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in the industrial crude oil could probably be due to 
higher peroxide value and FFA, and in the soxhlet ex- 
tracted crude oils to higher FFA and the solvent (pet- 
roleum ether) left in the oils. 

The moisture and volatile contents of aqueous 
extracted crude oils from Span seed dried overnight at 
55 and 105°C were 0.054 and 0.034 respectively. The 
aqueous extracted crude oils from Span seed boiled and 
dried overnight at 105°C and from Torch seed dried for 
3 days at 55°C contained 0.040 and 0.032% respectively. 
Hence, there seemed to be no significant effect of heat 
treatment of the seed on the amount of moisture and 
volatiles in aqueous extracted crude oils. There was 


also no varietal difference. 


4. Results of Meal Analyses 


Meal is the by-product of rapeseed oil extraction. 
It is used within limits for animal feedings. It is also 
used as a fertilizer. The economic aspects of rapeseed 
oil extraction depend not only on the amount and the 
quality of oil extracted, but also on the quality of 
the meal. Thus, it was important that some research be 
done on the effects of aqueous oil extraction on the 
quality of the meal. Investigations in this study were 


carried out to determine the proximate composition of 
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the meal, solubility characteristics of the protein, ex- 
tractability of protein in relation to pH and temperature, 
amino acid composition, and the glucosinolate content of 


the meal. 


a) Proximate Composition 


The proximate analyses of Fee TISSUE are given 
in Table 14. The amounts of protein, fiber and ash were 
calculated on a moisture and oil free basis. The protein 
contents in percent of varieties Echo, Span and Torch 
meals obtained by aqueous and soxhlet extractions were 
jo,0 and 38.2, A045. and 41.1, and 39.9. and 39.5, respec- 
tively. The protein content of the industrial extracted 
meal of variety Span, obtained from Canbra Food Co., was 
39.9%. These results show that there was no 
difference between the protein contents of aqueous and 
soxhlet extracted meals. However, there was a varietal 
difference. The protein contents of meals from varieties 
Span and Torch were higher than those of variety Echo. 
The industrial extracted meal of variety Span contained 
about the same amount of protein as aqueous and soxhlet 
extracted meals of the same variety which were prepared 


in our laboratory. 
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The fiber contents in percent of aqueous and sox- 
hlet -extracted meals for the three varieties, Echo, Span 
and Torch were 16.5 and 16.0, 15.9 and 16.5, and 15.4 
and 16.0, respectively. The fiber content of the indus- 
trial extracted meal, 13.0%, was lower than those of 
Other meals. These results indicate that there was no 
Significant difference between the fiber contents of 
- aqueous and soxhlet extracted meals. 

The ash contents in percent of variety Echo, Span 
and Torch meals obtained by aqueous and soxhlet extrac- 
tions were 7.1 and 7.6, 5.8 and 6.8, and 5.9 and 6.3, 
respectively, while the ash content of industrial extrac- 
ted meal was 7.1%. These results show that the ash con- 
tents of the aqueous extracted meals of these three var- 
ieties were slightly less than those of soxhlet extracted 
meals, and that the ash contents of variety Echo meals 
were slightly higher than those of varieties Span and 
Torch? 

The amount of residual oil in soxhlet extracted 
meals was assumed to be 0.0%. The aqueous extracted 
meals of varieties Echo, Span and Torch contained 5.5, 7.0 
and 7.2% residual oil, respectively. The amount of | 
residual oil in industrial extracted meal was only 0.5%. 
The higher amounts of residual oil in aqueous extracted 
meals, due to a lower oil extraction efficiency during 


this process, will be discussed later. A higher amount 
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of residual oil would increase the metabolizable energy 
of the meals. On the other hand, it would also tend to 
cause off-flavor, and, hence, storage stability problems 
(Cater et al., 1974)1 

During the aqueous extraction process, simple 
sugars, some proteins, inorganic compounds and some non- 


protein nitrogen compounds including glucosinolates would 


likely be extracted in the liquid fraction. Phenolic con- 


stituents such as tannins (Schanderl, 1970), and caffeic and 


chlorogenic acids (Lo and Hill, 1972) would also be ex- 
ELacted in the -liquid,fraction.., Due tosethe extrnaction.of 
these compounds from the seed, the fiber and protein 
contents of the aqueous extracted meals would be expected 
to be higher than those of soxhlet extracted meals. How- 
ever, in the case of crude fiber content, the results did 
not clearly indicate this to be so. The extraction of 
the non-nitrogen compounds in the liquid fraction would 
increase the protein contents of the aqueous extracted 
meals, however, the loss of some proteins and non-protein 
nitrogen (to be discussed) in the liquid fraction seemed 
to maintain the protein content in the aqueous extracted 
meals at the level comparable to that of solvent extracted 
meals. The ash contents of aqueous extracted meals were 
slightly lower than those of soxhlet extracted meals, 


indicating that comparatively more ash material was 
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extracted in the liquid fraction during the aqueous 


extraction process. 


b) Solubility Characteristics of Meal Protein 


The solubility characterists of the proteins in 
aqueous and soxhlet extracted meals from B. campestris L. 
var. Echo are shown in Table 15. The results from the 
same variety of rapeseed obtained by Sosulski and Bakal 
(1969) are included in the table for comparison. The 
aqueous extracted meal contained 17.7% water soluble 
proteins, 16.4% salt soluble proteins, 28.9% alkali soluble 
proteins, and 20.4% ethanol soluble proteins. The soxhlet 
extracted meal contained 33.6% water soluble proteins, 
36.7% salt soluble proteins, 18.9% alkali soluble proteins, 
and 2.2% ethanol soluble proteins. These results show 
that aqueous extracted meal contained lower amounts of water 
and salt soluble proteins but higher amounts of alkali and 
ethanol soluble proteins than either the soxhlet extracted 
meal or the meals analyzed by Sosulski and Bakal (1969). 

The amount of proteins in the residue left after 

the protein extractions was higher in aqueous extracted 
meal (16.6%) than in soxhlet extracted meal (8.5%) but 
slightly lower than the 19.5% reported by Sosulski and 
Bakal (1969). These changes in solubility character- 


istics were due to the moist heating during the aqueous 
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extraction process. In this aqueous extraction process, 
boiling for 5 min, blending for 15 min (temperature could 
Beaup CO ~cas 90°C) P’and sstirring at®708eS+82ce fLo6rtiin 
would affect the solubility characteristics of the pro- 
teins. Hence, the moist heat in the aqueous extraction 
process reduced the water and salt soluble proteins but 
increased the alkali and, to a greater extent, the ethanol 
soluble proteins. It also increased the amount of pro- 
tein in the residue. Longer time and increased tempera- 
ture of moist heat led to a progressive insolubilization 
of rapeseed protein in water and salt solution, whereas 
dry heat has a negligible effect on protein solubility 
(Girault, 1973). Similarly, due to heating, the solubil- 
ity of protein in industrial processed meal was lower than 
laboratory defatted meals (Sosulski and Bakal, 1969; 
Girault, 1973). 

These results also show that about the same 
amount of soxhlet extracted meal protein dissolved in 
water and in salt solution. The water soluble proteins 
in soxhlet extracted meal were lower, and salt and 
alkali soluble proteins were higher than those reported 
by Sosulski and Bakal (1969), however, the sum of these 
two protein fractions was similar to that reported by 
Sosulski and Bakal (1969). The difference in the protein 


solubility characteristics of soxhlet extracted meal 
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obtained in this experiment and those of Sosulski and 
Bakal (1969) could be due to the method of meal preparation 
or to the storage conditions for the seed used in this 
experiment. Sosulski and Bakal (1969) prepared their 
meal by extracting the oil from ground seed twice with 
hexane {solid-to-solvent ratio, 1:10) in a Waring blender 
for 1h at room temperature and then desolventized the 
meal in a vacuum chamber at 45°C for 24 h. In this exper- 
iment, the soxhlet extracted meal was prepared by heating 
the seed in an oven for 1 h at 110°C, extracting the oil 
with petroleum ether in a soxhiet apparatus, and allowing 
the solvent to evaporate from the meal at room temperature. 
One experiment was carried out to find the effect 


Of blend@ngmonnthe,solubility characteristics of the’ pro— 


tein in the meal. In this experiment, the blending step 

was omitted from the aqueous extraction procedure. The | 
resulting meal contained 17.2% water soluble proteins, 

16.7% salt soluble proteins, 27.0% alkali soluble proteins 

and 25.7% ethanol soluble proteins. The amount of protein 

in the residue left after the protein extractions was 13.5%. 
Compared with the protein solubility characteristics of 

the meal ners from the complete aqueous extraction, it 
seemed that blending caused a slight reduction in ethanol sol- 
uble fraction and a slight increase in the alkali soluble 


fraction. Blending also resulted in an increase in the 
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amount of protein left in the residue after the protein 
extractions. These results point to the fact that the 
boiling step was probably the major contributor to the 
changes in the protein solubility characteristics since 
it was the first heat pecan in the aqueous extraction 
process. It is likely that the subsequent heat treat- 
ments during blending and stirring would cause only minor 
change in the protein solubility characteristics. How- 
ever, further work is necessary to investigate the effect 
of each step of the aqueous extraction process upon the 


protein solubility characteristics of the meal... 


GC) # Extractability of Meal Protein in Relation to pH 


and Temperature 


The extractability of rapeseed protein of aqueous 
extracted meal in relation to pH and temperature is 
shown inkFug..924. At all pH walués, except’ 2 and 10.7, 
the amount of protein extracted increased with the in- 
crease in the extraction temperature from 24 to 80°C. At 
pH 2, the amounts of protein extracted at 70 and 80°C 
were about the same, but both were lower than that ex- 
tracted at 60°C. At a pH of 10.7, the amount of protein 
extracted at 60°C was ca. 54%, which was higher than 
that extracted at 70 and 80°C. Reports in the literature 


also reveal that the amount of protein extracted from 
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rapeseed meal at various pH values increased with the in- 
crease in extraction temperature from 25 to 90°C (Radwan 
and Lu, 1976; Hermansson ett aleeul97 4jere Inscomparison in 
this study, the amounts of protein extracted from aqueous 
extracted meal at various pH values and temperatures were 
lower than those extracted from different meals, as 
reported by Korolczuk and Rutkowski (1971); Hermansson 
et al. (1974); Quinn and Jones (1976); Radwan and Lu 
(1976). This may be due to the moist heat treatments 
during the process (already discussed). 

The results indicate that, with aqueous extracted 
meal, the minimum point of protein extraction at all 
temperatures studied was at about pH 5.0. The graphs 
also indicate that the minima were broader at lower than 
at high temperatures. This was especially true for the 
protein extractability at 24°C. At this extraction temp- 
erature a significant increase of the extracted protein 
above the minimum point was only observed at about pH 2 
in the lower pH range and at about pH 8 in the higher pH 
range. Various minimum points of extractability for 
soxhlet extracted meals were reported in the literature 
(Korolczuk and Rutkowski, 1971; Radwan and Lu, 1976). 

Two minimum points of extractability reported by 
Korolczuk and Rutkowski (1971) were not observed in the 


present study. The results show that the minimum 
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extractability point increased with temperature, giving 
about 8, 9, 11 and 13% of the protein at 247.°60, 70) and 
80°C, respectively. Similar results were reported by 
Radwan and Lu (1976). 

These results also indicate that, with the temp= 
eratures and pH values studied, a better extraction of 
protein from aqueous extracted meal was obtained at pH 
values higher than 10. However, at high pH values the 
protein extracting solutions were dark in color, which 
could result in dark protein precipitates. This dark 
coloration may be due to the solubilization of dark pig- 
ments of the hull and to browning reactions, especially 


at high pH and temperature. 


ad) Amino Acid Composition of Original Rapeseed © 
Sample, Soxhlet and Aqueous Extracted Meals 


and Liquid Fraction (B. campestris L. var. Echo) 


The amino acid contents of four rapeseed protein 
Samples are shown in Table 16. The four samples analyzed 
were the original rapeseed sample, soxhlet and aqueous 
extracted meals, and the liquid fraction (whey) from the 
aqueous extraction procedure. The original rapeseed 
sample was prepared by dry grinding the rapeseed before 
it was analyzed. Comparison of the results shows very 


little difference in the amino acid composition of the 


re 
“4. - 


vd 6ottags® Siow es laeu% 


e e 


re oon ae 
bet cae 
Koy at 


9+ Sd) dtiw yositt Sask irk onde 
f f rf a ar 


to sof FOR SRS i peesimel 6 Pebbo2te Bomba ! neve” qs 
ad ; oe, ey re at ae 
ree See teas ; ae Mins us 7 ci we 
Hq 28: boa tea te Bays soni /Sotoox wR apeeups mots! tod 
| a : =: ny 
: y red iy A, 
‘phe: a roo tr 5 Vv Fi G lat mie! Mt 3 5 . es my ey % 4 Y.. , Ue 4 06 ne it ~ vant 
ri Ech stofoo ‘nn 7 2ISBR Sataw atid item sind Josaaxe pe ae 


: a 


a ‘ <P , * h Pa yee a 
126 elit. coe brie aese A issorg) ee eed pic big 
f Li d 4 i 7 ey eat . 
\ 7 A 4 As me [ is = ae ih 


if a. ; i" _ Ai i Pas 5 
-oro }sivab to noress ties sects + pti ed ‘esa it tod 
brag DA , ie ; 
yilsioeges: | anoktoss ayond whstnlee : 
; # - , AH ve ee J i p 
, | My A ula tranqnsd Bas He 


t 
vs 


Reser ae fi 7 oe. 


bas y Der as Bat ain ae! 
. : : 1 Gi - 
HOSUPA Bas. - ; 
E . Ot > fei ko san 
mc vi. yi ee 
ans ao3%. cele tt hie rahe 
ie 


. Wi 
j a - : J a ras ; 
, iS it 


169 


Table 16. Amino Acid Composition of Four Samples 


from B. campestris L. var. Echo 
(g amino acid/l6ég meal N) 


Amino Acid Original Soxhlet Aqueous Liquid 
‘Rapeseed Extracted Extracted . Fraction 

Sample Meal Meal (whey) 

Aspartic acid 6.63° 6.60 ane 7.85 
Threonine 4.76 4.65 An oL 5.64 
Serine 4.88 Yay ag 4.85 4.41 
Glutamic acid 155.15 25228 14.81 16.96 
Proline 7.54 7.86 8.47 4.15 
Glycine 8.40 8.43 8.28 a9 7 
Alanine O.a7 6.28 6.14 Leo 

*% Cystine 0275 0.47 0862 Trace 
Valine 5 Lo 59 5.87 4.09 
Methionine 1.54 iret eIs 2.02 ele 
Isoleucine 3.96 32.938 4.15 2205 
Leucine 6.92 6.88 7SL9 4.66 
Tyrosine 1. 36 na oo 1.91 
Phenylalanine 2.09 2.04 3.01 1.43 
Histidine Pepa AS 2e22 Ze i3 1.64 
Lysine Eyechk 5.20 4.85 5812 
Ammonia LO 3. 10.80 LOG sg Lie2s 
Arginine a7 4.20 4.27 3e20 


* average of two analyses 
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soxhlet extracted meal and the original rapeseed sample. 
However, the original rapeseed sample contained slightly 


more 4 cystine and less proline than the soxhlet extracted 


meal. 


The amino acid composition of aqueous extracted 
meal varied slightly from that of the original rapeseed 
sample and the soxhlet extracted meal. The aqueous ex- 
tracted meal contained slightly less lysine and glutamic 
acid and slightly more methionine, leucine and proline 
than both the soxhlet extracted meal and the original 
rapeseed sample. This slight difference in amino acid 
composition could not be due to the aqueous oil extraction 
process, since boiling in excess water usually gives no 
protein damage (Bender, 1972; Renner et al., 195 3b; 
faire Ct, alo, 1965). Furthermore, it has been shown 
that the amino acid composition of rapeseed protein varied 
according to protein fractions and preparations (Kodagoda 
Steal, 9757) Girault, 1973; Sosulski and Sarwar, 1973; 
Sarwar et al., 1975; Thompson et al., 1976). Hence, this 
difference is likely due to the fact that some proteins 
and free amino acids were extracted in the liquid fraction. 

Proteins in the liquid fraction had a different 
pattern of amino acid distribution. They contained higher 


amount of threonine and aspartic acid, glutamic acid, 
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glycine, alanine, and lower amountSof % cystine, valine, 
isoleucine, leucine, phenylalanine, histidine, arginine, 
and proline than those of soxhlet and aqueous extracted 
meals and the original rapeseed sample. The amino acid 
composition in the liquid fraction was quite similar to 
the amino acid distribution in a water extracted protein 


concentrate. as reported by Kodagoda et al. (1973). 


e) Glucosinolate Contents 


One of the advantages of the aqueous extraction 
of rapeseed oil is the simultaneous extraction of glucos- 
inolates (Table 17). The glucosinolate content of 
soxhlet extracted meals from B. campestris L. var. Echo, 
Span and Torch were 8.43, 9.18 and 6.52 mg/g of sample, 
respectively, and were reduced to 2.83, 1.92 and 2.78 
mg/g of sample in aqueous extracted meals. Hence, 58 
to 79% of the glucosinolates were removed from the meal 
during the aqueous oil extraction process. Extraction of 
individual glucosinolate was 46 to 79% for butenyl 
isothiocyanate, 41 to 71% for pentenyl isothiocyanate, 


63 to 75% for methylsulphinylbutyl isothiocyanate, 67 to 
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87% for phenylethyl isothiocyanate and 85 to 97% for 
vinyl-oxazolidinethione. The results indicate that 
vinyl-oxazolidinethione was more easily extracted than 
the isothiocyanates ieee aqueous oil extraction 
process. These results were contrary to some findings 
that vinyl-oxazolidinethione is more difficult to extract 
than isothiocyanates (Ballester Ctrale, 2.9 /0pangmLoy so, 
KoZlowska et al., 1972a)., 

Glucosinolates were extracted into aqueous 

phase during the boiling, blending and stirring 
steps. It is apparent that grinding the rapeseed material 
to fine particles enhanced the extraction of glucosino=- 
lates in the subsequent steps. The diffusion rates of 
glucosinolates are enhanced by frequent change of sol- 
vent, high temperature, a high water-to-seed ratio, a 
neutral to alkaline pH of the aqueous medium and dehulling 
of the seed (Sosulski et al., 1972; Kozlowska et al., 
1974) 

An experiment was carried out in which the glu- 
cosinolates left in the aqueous extracted meal of Echo 
variety were further extracted by stirring for 1 h at 
70°C and pH 5.0 with an s/w ratio of 1:15. A pH of 
5.0 was used during this extraction because it was the 
minimum point of meal protein solubility (already dis- 


cussed). Only a trace amount of vinyl-oxazolidinethione 
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(0.09 mg/g) was left in the meal after this second extrac- 
tion. About 99% of the glucosinolates were extracted after 


this second extraction. 


>. Protein in the Liquid Fraction 


Liquid fraction (whey) from the aqueous oil 
extraction process contained ca. 1% crude protein of 
which about 50% remained after precipitation with 15% TCA 
(Table 18). Hence, the true protein amounted to ca. 503% 
of the crude protein in the liquid fraction. A study was 
carried out on the precipitation of these proteins by 
adjusting the liquid fraction to different pH values and by 
heating in boiling water for 10 to 15 min. After heating, 
the precipitated protein was centrifuged at 9,000 rpm 
(9,750x g) for 15 min and the crude protein in solution 
after the centrifugation was determined. The results 
show that, after heating the liquid fraction at pH 4.0 
and 4.5, 0.68% of crude protein remained in the solutions. 
At lower and higher pH values more crude protein remained 
in the solutions after the heat treament. These results 
indicate that pH values between 4.0 to 4.5 were the region 
of maximum protein precipitation. At the point of max- 
imum protein precipitation, ca. 65% of the true protein, 


which is equivalent to ca. 32% of the total N in the 
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Table 18. Precipitation of Proteins From 
the Liquid Fraction 


Sample and Treatment Percent Percent Crude Protein 
N Left (Nux+6e25)iLeft 


Original Liquid Frac- 
tion (Whey) 0.162 1.01 


Treatment 


Pepe bOLLingnin HO for 


10-15 min at pH 


20 0.134 0.84 

° OE Ors 
S25 Os bez | 0.70 
4.0 05109 0.68 
4.5 0.109 0.68 
5.0 0.110 0570 
6.0 0.133 0.83 
7.0 05139 0.87 


Ze heating szat.85°C efor 
10 min at pH 


4.0 O05 07 0.67 


>. Precipitation with 
15 percent TCA 0.081 0.50 
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aqueous fraction, was precipitated. It was observed that 
heating accelerated the precipitation of the protein. 

One experiment was carried out in which the liquid 
fraction was aaa ted to pH 4.0 and heated at 85°C for 10 
min. It was found that about the same amount as above 
of crude protein (0.67%) remained in the solution after 
these treatments (Table 18). Hence, heating at 85°C for 
10 min was sufficient to precipitate the proteins. The 
fact that the aqueous medium resulting from this procedure 
was lighter in color than that after heating in boiling 
water for 15 min was probably due to less brow 
action. Furthermore, a finer precipitate was obtained 
during heating at 85°C for 10 min than during heating in 
boiling water for 10 to 15 min. 

During the determination of residual lipid in 
the liquid fraction by extracting with a mixture of 


methanol and chloroform, it was observed that proteins 


precipitated out. However, this was not studied further. 


6. Material Balance 


An experiment was carried out in duplicate to 
determine the overall material balance of the aqueous 
extraction process. In this experiment, a great care 


was taken to recover all the material adhering to the 
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equipment used during each extraction step. The rapeseed 
(Echo variety) was ground and weighed (208.8 gq). \ the 
material was boiled in 500 ml of water. Additional 150 ml 
of water was used Pos washing the equipment. The results 
of this experiment ee summerized in Table 19. These 
results show that of the total rapeseed solid approximately 
41.5% was recovered as oil and 50.1% as meal; 7.2% of 

the rapeseed solid was lost in the whey. 

Of the original 88.7go0il in the seed, 81.8 g 
Lise. Ca. 928) was recovered in the oil fraction. fThis 
yield was in agreement with the previously calculated yield 
values obtained throughout this study.. 

The amounts of total solids in the solid and liquid 
fractions were 98.8 g and 14.2 g respectively. Assuming 
that the meal contained ca. 7% oil (based on previous 
analyses), the amount of non-fat solid recovered in the 
meal would be ca. 92 g. Since the amount of non-fat solid 
Of the starting material was 108.5 9, the recoverylor the 
non-fat solid in the meal was ca. 85%. Together with 
14.2 qrof solid lost in whey, ‘the totaly recovery of non= 
fatesoli1d was Ca. 9Ss- 

Although ca. 650 g of water was used during the 
experiment only ca. 260 g was obtained in the liquid 
fraction. Hence, only ca. 40% of water used was recovered 


as liquid fraction. Some of the remaining water was lost 
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Table 19. Material Balance of the Aqueous 
Processing of Rapeseed 


Starting materials. 


1) rapeseed, 208.8 g (containing 88.7 g oil 
and 108.5 g non-fat solid) 


2) water, 500.6 for-boiling:and 150ng tor 


washing. 
Oxi: Meal Whey 

Material recovered (g) 81.8 360% 274 
Dry matter (g) 81.8 98.8 14.2 
Percent recovery 
(based on total dry 
weight of seed) 41.5 SO Tine 
Non-fat solid (g) =91 79% N-D- 
Percent recovery 

(a) oil O22 Se PERS: N.D 

(b) non-fat solid - 84.7 ESI AME 


* estimated values 
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in drying the solid fraction which was previously analy- 
zed to contain ca. 70% moisture. The remaining water was 
lost during the experiment especially during boiling 


and blending. 


IV. CONCLUSIONS 


1. Process Parameters 


The results of this study led to the finalized 
laboratory aqueous rapeseed oil extraction processing 
steps shown in Fig. 15. 

Grinding is a very important step in aqueous 
extraction of rapeseed oil. It should be emphasized 
here that the finer the material, the better the 
extraction. The second grinding was conducted to ensure 
that the rapeseed material was sufficiently ground. Un- 
like the aqueous extraction of coconut, peanut, and sun- 
flower seed oils, boiling was a necessary step in aqueous 
extraction of rapeseed oil to inactivate myrosinase in 
order to control the sulfur level in the oil. It also 
inactivates lipase, thus resulting in a low free fatty 
acid content ‘in the oil. In addition, boiling the 
ground rapeseed caused a further breakdown of the cells. 
However, it also caused denaturation of the rapeseed 
proteins resulting in low solubilities in water and salt 
solution. 

Blending, although it gave a stable emulsion, was 
necessary for extraction of rapeseed oil. Without blend- 
ing nearly all the oil obtained after centrifugation was 


free oil, however, the oil yield was low. Blending 


180 


7 ug. MOK 
i 
aes 
4 : iemb4b9 aasoord 
% a i j ay i 
ay re | 
bs 4 - i ait, aut > ian ii) 
gt at bal se aids, Te bAleeex edt) ie 
; } my . ate r "a 
r . re i , : ~ bs x2 ge ew BLyooe “ID co 
I a Sia 
. 
rossi } 1 elt ai aware & 
t oe 28, 8 wh petbalso 7 
/ ; 
i! inode gi Lie bastoqe: Oo ao 
i , 1) ae J 
ent , 561 t ett apa? edd +s + 
Ler ehh Bit oe 5% snomen: = rigs nooks 5% ~ 
: 6 ii 
wietdas hi ‘ S » ” ae 7 a; % Ja 
y . ’ " : rT +4 es 5 SS - sivedem bes G 35 = S4 ay 2 
5 L> ie ny } - . 
yy Sq .2¢cereed 6 dbnsadess s. ElootDS =) 
. Th a 
i 4! 7 
; Aiden ae 
; sees9en & eeu pAhite?d «eito hee 
qr r r by | 
. bao faetsongt os aoe renner F i 
; : f p} Le. if : i " * 4 oy 
' 2 nyt + : 
oale 3¢ Lio ean ie tere t tw, Fest cob feasaeo oe 


~ . r ‘ _ i J , 
yttc2 sont wol se ai palgiueor austa dees ea | nosevest i 
; om * j ; ; ae | Be ee i \) 
tt pakitod OLE PDE nt Pasa ny at pa : 
. ‘ if ps Ff y 
Lites ef? 36 awobs Cemtag ‘reds Ie SB — 


= we * oe 
Oe 7s6% Sf oy 


t924W mr as 


f ” " 3 
7 7 ’ 
} ( 


aw ’ aotate ms 


ehh as a suodsiy 


j \ 
aw nod +8 Ydne4 
in ay, 54 


7 4 - eathaais | 4 + Woe 


ah w. 


sib gh ofa 


> 


pies nodigerus 


* ii a) 


-* @ 


We x 


oo 


4) BS dp wn Le sites 
ui? whi S 
ab beara oels 2 ah, 


fl i, f ld = 


. ci s iy 
>: g VEG f a. uy Ps 7 
aka eI iia 2o8 wrod: cb: eaitios 
=) a i eee a Ses 


p> u] 
aaa: asd) 


eae 


aa 
. 


Shak 
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| 


Boiling in water for 5 min 
| Cooling 


Adjust the pH to 7.3 + 1 


| 


Grind to fine slurry 


| 


Blend for 15 min 


! 


gAdjustetonphsa656) 2-001 


| 


Stiroat s/wuof 1: 3.sand sJ/0ce forein 


| 


Centrifuge at 9,000 rpm for 10 min 


solid fraction Oil fraction 


| 


dry Centrifugation 
eatuon + free oil ———~ oil 
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Solid Oil 
Fraction 


Fig. 15. Recommended Parameters for the 
Aqueous Rapeseed Oil Extraction 
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caused a further breakdown of the cells, resulting in an 
increase in oil yield. Stirring conditions, solid-to- 
water ratio, pH, temperature and time were studied. The 
results show there were optima for solid-to-water ratio, 
PH, temperature and time of stirring for the maximization 
of the yield. The importance of the centrifugation step 
was not realized in previous studies on aqueous extraction 
of oils. This study shows that the amount of oil extrac- 
ted depended on the come-up time to reach the final speed 
or the rate of change of acceleration, rather than on the 
final speed or final acceleration of the centrifugation. 
Time of centrifugation after reaching the final speed did 


not affect the oil yield. 


Some modifications of the process could be made 
for future studies on the aqueous extraction of rapeseed 
Oil. In this study the centrifugation step was performed 
after the stirring step. However, a centrifugation 
step could be introduced after the second grinding step, 
so that some of the oil could be extracted prior to 
blending, stirring and centrifugation. The oil obtained 
after this proposed centrifugation step would be mainly 
in the form of free oil. Thus, less oil would be in 
the form of an emulsion after the subsequent blending, 
Stirring and centrifugation steps. It follows that less 
emulsion would then need to be demulsified. The introduc- 


tion of another centrifugation step might very likely 
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increase the oil yield. 

A centrifugation step might also be introduced 
after the blending step. In this case a second blending 
would be introduced after this centrifugation. After 
the second blending step the material could be stirred 
and recentrifuged. The addition of these two steps 


would be expected to increase the oil yield. 


A third modification of the aqueous oil extraction 


process could be a multiple extraction cycle. The liguid 
and solid fractions after the centrifugation step would 
again be blended, stirred and centrifuged. This multiple 


extraction cycle would obviously increase the oil yield. 


ae The Yield of Aqueous Rapeseed Oil Extraction 


In any vegetable oil extraction process, the 
yield of oil is the most important factor determining 
the economy of the extraction process. Other factors 
which affect the economy of an extraction process are 
the quality of oil and meal. Thus, the yield of oil by 
this aqueous extraction of rapeseed oil is critical in 
determining whether the process is feasible. 

In this study the calculation of yield of oil was 
based on the amount of residual oil left in the dry meal. 


The maximum yields obtained were about 95, 95 and 93% for 
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B. campestris L. var. Echo, Span and Torch, respectively. 
The amounts of residual oil in aqueous extracted meals 
ranged from 4 to 7% for the three varieties. Comparable 
yields (86 to 96%) were reported in the literature for 
aqueous extractions of peanut, coconut and sunflower seed 
Oils (Bhatia et al., 1966; Rhee et al., 1972; Hagenmaier 
et al., 1972; Hagenmaier, 1974; Mieth et al., 1975a). 
The yield of rapeseed oil in our laboratory aqueous ex- 
traction was lower than prepress solvent and straight 
solvent extractions (0.5 to 4.0% residual oil), but 
equivalent to expeller extraction (6.0 to 7.0% residual 
op lg hy po 

The above yield of aqueous oil extraction was 
obtained after only one extraction cycle. The yield 
should increase with the number of extraction 
cycles (Hagenmaier et al., 1972 and 1973; Rhee et al., 
T973C; “Mrethet tal  919'75ai," ‘b)-2+ Tirtone experiment the 
liquid fraction after centrifugation was replaced with 
water, which was then mixed with the solid fraction and 
recentrifuged. This treatment further increased the 
amount of oil extracted by 1.5 to 2%. The addition of 
salt was not included in this study, although it was 
found to increase the yield of sunflower seed oil (Mieth 
et al., 1975b). The use of salt in aqueous extraction of 


rapeseed would require an additional step of removing it 
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from the meal. Further investigation of the aqueous 
processing of rapeseed oil should be carried out to 


maximize the oil yield. 


3. The Quality of the Oil and Meal 


The quality of the aqueous extracted oil was 
better than industrial crude rapeseed oils. It contained 
lower amounts of phospholipids, sulfur, and free fatty 
acids, and a lower peroxide value than the industrial 
crude oil. Due to low phospholipid and free fatty acid 
contents, the refining loss during the processing of 
aqueous extracted rapeseed crude oil would be low. 

Water degumming of aqueous extracted crude oil would 

not be necessary. Low sulfur levels in aqueous extracted 
crude oil are desirable for the hydrogenation process 
of the oil. Also, the industrial crude oil was darker 

in color than aqueous extracted crude oil. 

The meals obtained by the aqueous oil extrac- 
tion contained about the.same amounts of protein, fiber, 
and ash as the soxhlet extracted meals. The aqueous ex- 
tracted meal contained low amounts of water and salt | 
soluble proteins but high amounts of alkali and alcohol 
soluble proteins. The meal protein was more soluble at 


high pH and temperature. It would be more appropriate 
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to prepare protein concentrate rather than isolate from 
the aqueous extracted meal, since, due to low protein 

_ solubilities in water, salt and alkali solution, the 
recovery of protein in the isolate is expected to be low. 
However, more studies should be carried out on the protein 
solubilities of aqueous extracted meal, especially on 
solubility in relation to high pH and temperature. 

The amino acid distribution of protein in aqueous 
extracted meal, although slightly different than those of 
soxhlet extracted meal and of the original rapeseed sample, 
seemed to indicate that the aqueous oil extraction process 
did not affect the protein quality of the meal. The aqueous 
extracted meals contained lower amounts of glucosinolates 
since 58 to 79% of glucosinolates were extracted during 
the process. If the oil is extracted by multiple extrac- 
tion steps, more glucosinolates would be extracted. More 
studies are necessary to determine the factors affecting 
glucosinolate extraction during the aqueous oil extraction 


process. However, this glucosinolate problem could be 


best solved by plant breeding. 


4. The Liquid Fraction (Whey) 


The liquid fraction from aqueous oil extraction 


contained only a small amount of protein. However, 0 ois 


186 


a 


Mort: aoaloms msds TOGhEg. + 
niesoxg worl mt sob <0ate | . 


+ 1% .,2otsadiee tlegie: tia" Lien ts 
\wol ed o¢ Basseqxe ef edelomd ete: at mister. 205 
niedoxg ond nd two botutan od Sivode sokbute 3: 
m yileioeges \lsom bedosttke esGeapa to e 

.enky serena “Bas fg dein o2 ‘sokstere: at's 

aucawpS. ml aiesotny to seine nt / 


to enor and’. jnoset hie yiatedia dpuods is een | 
olguse S6epeces Leniphio ont 6 ene eee 
AReDorg HORA Qme tio heetedesiae at? gens eecinat SM | 
suosups ont Ee tia 26 Yalta diiedortg’ aed! — ‘. 
aosetonk yopiii 0° a0 deroins sistas ‘benkasnoa alsom be 
 paihanbh “beater orey neds lomiwoonty se er p82 
~oonrtKe sfey bode “ich: pavoers, GE tp ods BE. - one) 
sot J bsioswiee of BEROW eenintedtaconty exom |, 
piisogs2s euotosl sd’: Snbimete 09, isdassen: ous 
moiipaidae Ske: enarnhaw ‘eetUt Mdodiaioxe stator 


essential that this protein should be recovered. About 
65% of the true protein could be precipitated by heating 
in boiling water or in water at 85°C “ys pH 4.0 to 4.5. 
Further studies on the precipitation of protein from the 
liquid fraction with salts and organic solvents should 
be carried out. The whey resulting from aqueous oil 
extraction process may not be a serious problem since 
comparatively small amount of water is used during the 
extraction. More studies concerning the liquid fraction 
Should be carried out. 

Reverse osmosis could be used to prepare the 
concentrate from the liquid fraction. However this could 
be an expensive undertaking. In addition the resulting 
concentrate might contain high amounts of simple sugars 
and glucosinolates. This whey problem could probably 
be best solved by ultra filtration. Bigger molecules 
Such as proteins would be retained by the membrane, how- 
ever, small molecules, such as simple sugars and glucosin- 
olates, would be filtered through. The solution contain- 
ing the small molecules might be used as a medium for 
Single cell protein production. 

Glucosinolates could probably also be removed 
from the liquid fraction by ion-exchange chromatography, 


however this could be an expensive technique. 
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5. The Importance of Aqueous Rapeseed Oil Extraction 


The slightly lower yield of aqueous oil extraction 
could be partly balanced by the meal quality and partly 
by the quality of the oil. Aqueous oil extraction might 
preserve not only the quality of the proteins in the rape- 
seed, but also, some of the glucosinolates could be 
simultaneously extracted. With the introduction of low 
glucosinolates and low fiber rapeseed varieties, along 
with the good quality of rapeseed proteins, there will be 
a wider use of rapeseed meal for animal feedings and the 
possibility of uses in human foods. The importance of 
rapeseed meal should increase in the light of the current 
world situation in fats and oils production. 

In recent years, the demand for meals has been 
relatively stronger than for vegetable oils. In some 
seasons, soybean oil production is mainly determined by 
the more rapidly increasing meal demand and hence the 
oil is almost considered as just a by-product. Thus, 
it is in surplus, especially at present. Furthermore, 
there are relatively large increases in supplies of palm 
and lauric oils (coconut and palm kernel oils). The 
availability of palm and lauric oils from Malaysia, 
Indonesia, the Philippines, Ivory Coast and other countries 


will continue to increase sharply for the next five years. 
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These palms have a productive life-span of at least 

20 years for modern palm varieties, or 50 to 100 years 
for coconut palms. The marketing of soybean oil is be- 
coming more difficult due to the supplies of low cost 
lauric oils, and even more so, of palm oil. However, 

the increase in meal demand could partly offset the costs 
Oe O11 production. In addition to the increasing surplus 
O; tacts and Olls, for on first time in about two decades 
there is a period of decline in consumption (Mielke, 
1976). Thus, the future viability of the rapeseed in- 
dustry may depend on expanding the utilization of meal in 
animal feeds as well as in developing products suitable 


for human use. 
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